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ABSTRACT 
Fly ash and brick-kiln dust are the two major particulate 
air pollutants in India. Fly ash is produced during combustion 
of coal in coal f ired power plants, and brick-kiln dust, a 
mixture of f ly ash (coal + wood) and dust, is emitted from the 
brick-kilns during preparation of the bricks. Disposal of these 
two part iculates have become an environmental issue in the 
country. Effor ts are being made to develop technology for its 
purposeful utility. Recently, some agricultural uses • including 
incorporation in soil for better soil fer t i l i ty have also been 
investigated. In the present study the later aspect has been 
considered for which different concentrations (0, 5, 15, 30, 45, 
60, 75 and 100% v/v) of fly ash and brick-kiln dust added into 
soil to determine their impact on two oilseed crops- Brassica 
juncea (var. Varuna) and Linum usitatissimum (var. Neelam). 
At the same time the physico-chemical characterist ics of the 
soil amended with different concentrations of these two 
particulates were also analysed. Fly ash used in the experiments 
was collected from the Thermal Power Plant (530MW capacity) 
located at Kasimpur, Aligarh, India, 16 km. away from the 
University campus. This power plant consumes 3192 tonnes or 
bituminous coal day*' and produces 650 tonnes f ly ash day ^ 
Brick-kiln dust was collected from brick-kilns situated 15 Km 
away from Aligarh city. 
The physico-chemical properties of soil samples were 
analysed before and after growing the two crops separately by 
their standard methods. Among the physical properties- water 
holding capacity, particle density, pore space, saturation 
percentage and sticky point were increased gradually as the 
levels increased gradually while bulk density, moisture content 
and ignition percentage were decreased gradually as increasing 
the concentration of fly ash in soil before sowing. However, 
after harvesting the trends in increase and decrease of physical 
properties were same as before sowing both the crops but the 
values were less than before sowing. 
The chemical properties of soil samples were analysed by 
standard methods. Heavy metals i.e. Zn, Mn, Mg and Pb were 
determined by Atomic absorption spectrophotometer by using 
tri acidic mixture for digestion. Among chemical properties-
pH, EC, sulphate and chloride contents, total carbonate and 
bicarbonate were increased by increasing the level of f ly ash in 
soil while cation exchange capacity was increased upto 15% 
and in subsequent higher levels it was gradually decreased 
before sowing, (phosphorus , potassium, zinc, magnesium, 
manganese and lead were also found to be increased gradually, 
however, nitrogen and organic carbon were decreased gradually 
at all levels of fly ash in soil before sowing. After harvesting 
the crops, the similar trends in increase or decrease were 
observed with less value of chemical properties than before 
sowing except in heavy metals. The heavy metals Zn, Mg and 
Mn varied in their trends. However, the amount (A) of a 
particular element, which was taken up by plant parts and the 
remaining amount (B) present in soil after harvesting the crops 
were almost equal to that of the amount (C) of same element 
present in amended soil before sowing (A+B=C). The elements-
nitrogen, phosphorus in leaves and zinc, manganese, 
magnesium in seeds were uptaken maximum at 15% fly ash 
levels, however, uptake of potassium and lead was gradually 
increased as level of fly ash increased in soil in both crops, in 
general. When uptake of chemical properties was compared 
with plants, it was found that elements, P, Zn, Mn were 
absorbed in higher amount by B.juncea, while Pb, N, K and Mg 
by L.usitatissimum. 
The similar trend in increase or decrease in physico-
chemical properties was also found in the so i l^amended with 
brick-kiln dust with all the concentrations (0, 5, 15, 30, 45, 60, 
75, & 100%) before and after growing of both the crops except 
CEC which was higher at 45% level while in fly ash amended 
soil it was maximum at 15% level,Which ultimately was helpful 
to all the parameters of both the crops at respective 
concentrations. 
The growth and productivity of B.juncea grown in fly ash 
amended soil were increased from 5 to 60% levels. However, 
all parameters were maximum at 15% fly ash level. Onward to 
60% there was reduction in these parameters and lowest was 
observed at 75 and 100% levels. The photosynthetic pigments 
and oil properties were also increased from 5 to 60% levels and 
maximum being at 15% fly ash level. While total protein 
increased upto 15% level only. In case of L. usitatissimum, 
similar trends in plant growth, yield, photosynthetic pigments, 
total protein and oil properties were also found. However, over 
all, the growth and productivity and other considered 
parameters were higher in B.juncea than L. usitatissimum. The 
different concentrations of brick-kiln dust in soil also affected 
plant growth and yield of B. juncea and L. usitatissimum. All 
the parameters increased upto 75% levels. However, all the 
considered parameters were found best at^5®/f) level. The 100% 
level was harmful to both the crops. When compared the growth 
performance of crops, B. juncea was found slightly better than 
L. usitatissimum with both particulate pollutants. From these 
observations it also appeared that fly ash is better than brick-
kiln dust as only 15% of fly ash had given best results as 
compared to 45% level of brick-kiln dust, in general. 
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INTRODUCTION 
Human activit ies for the enhancement of his own welfare 
and prosperi ty have given birth to many crises in the present 
world. In the developed and the developing countries, the most 
of tenly debated problems are the environmental crises. 
Environment is described as the physical surroundings and 
condit ions affect ing the lives of the people, animals and 
plants. Scient i f ic and technological developments for the 
improvement of economy have led to a large-scale exploi tat ion 
of the environment. Regenerating and balancing capacity of 
the environment has disrupted and is deteriorat ing day by day 
due to his massive research activit ies, manufacture of 
consumables, and indiscriminate consumption that has resulted 
in waste production. A huge consumption of various natural 
resources for obtaining energy and a massive disposal of 
wastes has polluted the environment. The term pollut ion can 
be defined as an undesirable change in the physical , chemical 
or biological characteris t ics of the air, water and soil that may 
harmful ly af fec t the l ife (Sharma, 2001). Any substance, 
which causes pollution, is called a pollutant . 
The pollutants that are responsible for air pollution are 
of two types gaseous and part iculate. The part iculate matters 
are originated directly from industr ial and other activit ies 
including power generat ion units, brick-kiln units , cement 
manufactur ing plants, texti le units, pest icide units etc. The 
part ic les going into the atmosphere, depending on their size 
and weight may remain in air for varying length of time. Those 
par t ic les having larger size than lOp,, settle under force of 
gravity on surfaces of vegetat ion and soil but the smaller ones 
remain suspended in the air for longer duration (Das, 1986). 
Par t iculate air pol lutants fa l l ing on the leaf surfaces form a 
thin encrustat ion and block the stomatal pores. This hampers 
t ranspirat ion and checks the transmission of solar radiat ion 
(Darley, 1966; Agrios, 1997). They also af fec t the quality of 
air, water and soil. The major part iculate air pol lutants are 
coal dust, f ly ash, lime dust, cement dust, soil dust and brick-
kiln dust. 
Fly ash is produced af ter combustion of coal in power 
generat ion units, in a huge amount. Presently, there are about 
60 coal-based power generating plants in India, which are 
consuming nearly 2/3rd of the total coal, produced (Khan and 
Khan, 1991). Indian coal contains 35-50 per cent ash. 
Presently, in India the coal-based power generat ion plants are 
disposing more than 120 mill ion tonnes ash annually. Today, 
ut i l izat ion or disposal of f ly ash is a big challenge. Now 
hardly 2% of the total produced fly ash is uti l ized in our 
country and the rest is dumped as wet slurry in deep pits near 
the power stations. Fly ash has a great potential to be util ized 
as a source of macro- and micro-nutr ient elements required for 
plant growth. Fly ash contains various useful const i tuents such 
as Ca, Mg, Fe, Cu, Zn, Mn, B, S and P alongwith appreciable 
amounts of toxic heavy metals such as Cr, Pb, Hg, Ni, V, As 
and Ba (Majumdar and Mukharjee, 1983; Fluekar et al., 1983; 
Dalmau et al., 1990). Amendment of acidic soil with fly ash 
can neutral ize soil acidity, can increase cation exchange 
capacity, water holding capacity and pore size which may 
enhance plant growth and yield (Jones and Straughan, 1987; 
Adriano et al., 1980). Fly ash accumulation in soil may be 
benef ic ia l for the growth of plants (Mishra and Shukla, 1986). 
The recent researches have shown the beneficial potential i ty 
of f ly ash which increased the plant growth and yield of crops 
like chickpea, lentil, potato, cucumber, soyabean and tomato 
general ly at lower levels (10-50%), however, higher levels 
(60-100%) have been reported harmful (Singh, 1989; Singh et 
al., 1994, 1997; Khan and Khan, 1991; Khan et al., 1997; 
Raghav and Khan, 2002). 
Brick-kiln dust is also a major part iculate air pol lutant in 
India. The process for making one round bricks takes the time 
of maximum 15 days to one month. In one round, near about 6 
lacks bricks are prepared. The consumption of coal is about 
12-18 tonnes for preparing one lac bricks, depending on the 
quali ty of the coal. The standard size of brick is (23x11x7) 
cm. The ash of coal, wood and dust of bricks during 
preparat ion of bricks in kiln form the brick-ki ln dust. The 
complete combustion of fuel in brick-kilns mainly consists of 
f luor ide , carbon dioxide, water molecules, oxides of ni trogen, 
sulphur dioxide, sulphur tr ioxide and large amount of brick-
kiln dust. Brick-kiln dust contains essential elements along 
with toxic substances. 
The waste materials produced in bulk like f ly ash and 
brick-kiln dust are dumped in pits or as land hills. In either 
the case, both the reposi tories need careful management 
programs and conservation measures in order to protect the 
immediate surroundings. Recently, use of f ly ash as a 
fer t i l izer has been advocated by some workers (Wong and 
Wong, 1989; Khan, 1989; Khan and Khan, 1996). If f ly ash 
and brick-ki ln dust are to be considered for soil amendment 
then it is expected that these would change the physico-
chemical character is t ics of soil. For this purpose d i f ferent 
concentrat ions of these pollutants were evaluated against 
growth and productivi ty performance of two major oilseed 
crops of India- mustard {Brassica juncea L. var. Varuna) 
belonging to the family Brassicaceae and l inseed (Linum 
usitatissimum L.var. Neelam) belonging to the family 
Linaceae. The major object ives for Ph.D. were as fol lows: 
1. Analysis of soil character is t ics amended with f ly ash 
before and af ter growing of B.Juncea and L. 
usitatissimum. 
2. Analysis of soil character is t ics amended with brick-kiln 
dust before and af ter growing of B.juncea and L. 
usitatissimum. 
3. Effec t of d i f ferent concentrat ions of f ly ash and brick-
kiln dust on growth and productivi ty of B.juncea and L. 
usitatissimum. 
4. Ef fec t of d i f ferent concentrat ions of f ly ash and brick-
kiln dust on photochemical pigments of leaves and total 
protein in seeds of B.juncea and L. usitatissimum. 
5. Ef fec t of d i f ferent concentrat ions of f ly ash and brick-
kiln dust on N,P,K, in leaves and heavy metal contents in 
seeds of B.juncea and L. usitatissimum. 

LITERATURE REVIEW 
In the beginning of century, environmental issues 
have emerged as a major concern for the survival and welfare 
of mankind throughout the world. Environment is the sum of 
substances, forces and condit ions external to the organism, it 
a f fec t s its various components including the organisms and 
const i tutes a mult i -dimensional system of complex 
re la t ionships in a continuing state of change (Iqbal et al., 
2000). Development in the form of industr ia l izat ion, 
urbanizat ion has resulted into environmental pol lut ion. 
Environmental pollut ion means, the presence of one or more 
contaminants such as dust, fumes, gas misodour, smoke or 
vapour beyond a prescribed limit in the atmosphere which may 
be in jur ious to living organisms, cultural heri tage etc. The 
fac tors , which are causing pollut ion, are called pollutants . 
Air pol lutants are classif ied in two basic categories (1) 
Primary air pollutants and (2) secondary air pollutants . 
Primary air pollutants are originated directly from sources 
while secondary air pollutants are formed through react ions 
between primary air pollutants . Primary air pol lutants may be 
either gaseous or part iculate in forms. Gaseous air pollutants 
are sulphur dioxide (SO2), oxide of nitrogen (NOx), carbon 
monoxide (CO), hydrogen f luor ide (HF), ammonia (NH3), 
ethylene (C2H6) etc. Part iculate air pol lutants are coal dust, 
cement dust, brick-kiln dust, fly ash, soil dust, suspended 
par t icula te matter (SPM) etc. The secondary air pol lutants are 
peroxyacetyle nitrate (PAN), ozone (O3) and acid rains (H2SO4 
and HNO3). During high humid conditions SO2 and NO2 react 
and fal l on ground in the form of 'acid rain' (Oden, 1968). 
There are numerous sources of air pol lutants in nature 
depending upon local factors . The natural sources are pollen 
grains, water droplets or spray evaporation residues, wind 
storm dust, meteoric dusts, surface detri tus and volcanic 
errupt ions and man-made sources are industr ial wastes, 
vent i la t ion products from local exhausts system processes, 
waste discharge heat power and waste disposal by combustion 
process; t ransportat ion sources-motor vehicle, rail mounted 
vehicles , aeroplanes and vessels; agricultural activity, 
fer t i l izers , insecticides, pest icides, spraying and burning of 
vegetat ion etc. 
Proper and healthy growth of the plants can be achieved 
only when atmosphere is f ree from pollutants as over 90% 
biomass of green plants is derived from atmosphere (Heck et 
al., 1987). The Environmental Protection Agency (EPA) in 
U.S.A. estimated that in 1976, annual losses to agriculture 
product ion caused by poor air quality were around 2.9 bill ion 
dollars . Yield losses have been found to be caused by air 
pol lut ion in various crop plants including cereals, leguminous 
crops, oilseed crops, vegetable crops and ornamentals . Air 
pol lutants adversely affect plant in various ways ranging from 
al terat ions in plant physiology and biochemistry to visible 
symptoms of chlorosis, necrosis, early senescence, stunting 
etc. (Heagle, 1973). The injury and severity of disease due to 
pol lut ion depend upon the type of air pol lutants , their 
concentrat ions in the ambient air and exposure periods 
(Barret t and Benetict , 1970; Brandt and Heck, 1968a and 
1968b; Darley and Middleton, 1966; Khan et al., 1997). 
Particulate Air Pollutants 
Part iculate matter is a discrete mass of any material in 
the atmosphere that may be microscopic and submicroscopic in 
dimensions. The size ranges f rom O.OOljxm to several hundred 
micron. Part iculate matter in atmosphere from natural , as well 
as man-made sources are non-gaseous and ubiqui tous in the 
atmosphere. They are generally classif ied in three categories 
as fumes, mists and dusts. Very small solid part icles are 
carbon black, silver iodide, combustion nuclei and sea salt 
nuclei commonly known as fumes. Liquid part iculate matters, 
general ly categorized as 'mists ' , includes rain drops, fog and 
sul fur ic acid mist. Larger part icles such as wind blown soil 
dust, f ly ash, cement dust, brick-kiln dust, foundry dust and 
pulverized coal are 'dust ' . Some part iculate matters are 
biological materials , such as viruses, bacteria , bacterial 
spores, algae, fungal spores and pollen grains. 
Natural sources of part iculate matters in atmosphere are 
soil and rock debries (dust), volcanic emission, fores t f ires 
and react ion between natural gas emissions. Man-made sources 
are of four types-(i) Fuel combustion and industr ial 
operat ions- mining, smelting, polishing, furnaces , texti les, 
pest ic ides , fer t i l izers and chemical production, (ii) Industr ial 
fugi t ive processes- materials handling, loading and t ransfer 
operat ions (iii) Non-industr ia l fugi t ive processes-roadway 
dust, agricul tural operations, construction f i re etc. (iv) 
Transportat ion sources- vehicle exhaust and related part icles 
f rom f i re , clutch and break-wear. 
Fine solid (smoke) or liquid (mist) part icles are usually 
of colloidal dimension, f loat ing in air termed as an 'aerosol ' . 
On the basis of origin, part iculate matters are c lass i f ied in 
primary and secondary types (Clark and Whitby, 1967). 
Primary part iculates having size about l-20|am emanated by 
various industr ial or combustion processes are directly 
in jected into the atmosphere, whereas, secondary par t iculates 
i.e. sulphates, tiitrates, hydrocarbons and polycycl ic aromatic 
hydrocarbons (PAHs) of 0.005-several fim sized or the product 
of certain react ions occur in the atmosphere in the presence of 
sunlight. 
Part iculate air pollutants in the atmosphere can not be 
expressed in volume units and the favored unit is the 
microgram per cubic meter ()j,g/m^). The concentrat ion of 
par t iculates in the atmosphere may vary from several hundred 
per cubic centimeter in ultra clean air to more than 100,000 
per cubic centimeter in high polluted zones. In urban areas, 
the average levels of atmospheric part iculate masses general ly 
have been found to be 60^ig/m' to 220)ag/m^ and levels may 
range upto 2000ng/m^ near the vicinity. While in remote areas 
this level may be as low as 10)J,g/m^ 
The size of the part iculate matters is their most 
important physical property. The particles having the diameter 
100 to 1000p,m are large dust part icles and they settle rapidly. 
The smaller part icles having size from 0.001 to lO^im come 
under suspended part iculate matters (Sharma, 2001). They 
remain suspended in the atmosphere for fairy long time, which 
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collide with other part icles in random movement and form 
larger par t ic les by coagulation. Most of the part iculate masses 
in the atmosphere occur in the size range f rom 0.1 to 10 p-m. 
The rate of fal l out the particle by gravity is dependent 
on d i f fe ren t factors i.e. shape of the part icle, velocity, air 
density, part icle density, wind movement, turbulence, thermal 
condit ions and electrostat ics at the surface of the part icle. 
About 2000 million tonnes of part iculate matter per year are 
released from natural agencies and about 450 mill ion tonnes of 
par t iculate matter from man-made activit ies (Dara, 2000). 
Many of the suspended part iculate matters originating from 
anthropogenic sources in cities and industrial areas, as well as 
from volcanoes, forest f i res and nuclear explosions, 
notor iously have been moving f ree ly across internat ional 
borders . Yunus et al. (1996) reported that due to increased 
at tent ion on air pollut ion reduction programs and enforcement 
of various Clean Air Act of the SPM emission in many 
industr ia l ized countries now have decreased the level of 
pol lut ion there. 
Effects of particulate air pollutants on plants 
Part iculate matters when settle on leaves, stem and other 
parts of plants cause severe damage to the plants like 
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chlorosis , necrosis and death of the t issue (Darley and 
Middleton, 1966; Heck et al., 1970). Part iculate emissions are 
considered more harmful to vegetat ion when they are highly 
caustic or heavy deposit ion occurred. Colwill et al. (1979) 
observed the poor growth of the plants grown along roadside 
with highly busy t ra f f ic due to heavy deposit ion of part iculate 
matters . There are numerous reports that dust of varying origin 
in terfere with stomatal funct ioning mostly by f i l l ing and 
blocking the stomatal aperture (Ricks and Wil l iams, 1974; 
Fluckiger et al., 1978, 1979); increasing leaf temperature 
(Eller , 1977; Fluckiger et al. 1978); t ranspirat ion (Beasley, 
1942; Eveling, 1969); reducing photosynthesis (Darley, 1966; 
Khan et al., 1997) and increasing the uptake of gaseous 
pol lutants (Ricks and Williams, 1974). All these ef fects 
eventually result into poor growth of suffer ing plants leading 
to reduced yield. 
Cement dust is one of the important part iculate air 
pol lutants . Chemically it is a mixture of oxide of calcium, 
potassium, aluminium, silica and sodium, which sets into a 
hard mass to contact with water. Darley (1966) reported that 
the cement dust is harmful to vegetat ion, leads considerable 
reduct ion in agricultural production, primari ly affect ing 
fer t i l iza t ion and starch production. As f ly ash contains very 
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small f rac t ion of nitrogen (0.2%) (Wong and Wong, 1986, 
1989), plant growth, yield, leaf pigments and seed proteins are 
also af fec ted adversely through poor nitrogen avai labi l i ty in 
f ly ash amended soils. Wagner (1939, 1942) concluded that the 
increased t ranspirat ion rate was due to f ine part icles of clay, 
talc and silica trapped in the stomatal apertures of the wet 
leaves of Coleus blumes. Brick-kiln dust was reported to cause 
of f luor ide-re la ted crop injury. Leaves of rice plants grown in 
the ceramic and brick industry areas of Taiwan showed acute 
symptoms of tip necrosis and chronic symptoms of yellowing 
and mott l ing (Shyu et al., 1999; Sum and Su, 1985). Limestone 
dust deposit ion on the leaf surface of vegetation growing near 
the lime quarry af fec ted the vegetation adversely (Berger and 
Glatzel , 1994). Due to the presence of calcium and l imestone 
dust, pH values of leaf surface become high and reduces the 
ammonium/ni trate ratio (Berger et al. 1996; Berger & Glatzel, 
1994; Dasch, 1989). The l imestone dust does not form a 
cont inuous f i lm all over the leaf surface but either trapped by 
tr ichomes on hairy surface or forms aggregates on smooth 
surface due to which s ignif icant detrimental e f fec t of 
l imestone dust on photosynthesis and transpirat ion takes place 
(Gale and Easton, 1979). 
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The part iculate matters possess macro- and micro-
nutr ient elements which are found to be essential in plant 
nutr i t ion. These elements are sixteen in number, out of these 
only seven (Fe, Cu, Zn, Mn, B, Mo & CI) are required in 
smaller amount and thus they are called micro-nutr ients or 
trace elements. On the other hand macro-nutr ients are those 
elements which are needed in large quanti t ies such as C, H, 0 , 
N, P, K, Ca, Mg and S. The excess and def ic iency of essential 
elements in plant may cause several diseases as they play 
speci f ic role in the l i fe process of plant growth (Arnon, 1950). 
Das (1988) observed that macro-and micro-nutr ients occur in 
par t iculates , act as a supplementary source of nutri t ion for 
graminaceous plants. Members of Poaceae possess copious 
and numerous auricular hair which absorb chemicals from the 
dust. Dongarra and Varrica (1998) evaluated the presence and 
the distr ibution pattern of heavy metals in air part iculate 
matters at Volcano Island, Italy, they assessed 42 lichen 
samples of the spp. Parmelia for metal contents. The elements 
Pb, Br, Sb, As, Cu, Zn and Au appeared to be enriched in 
l ichens with respect to local crusted material . The distr ibution 
maps of the enrichment factors fol lowed the main wind 
direct ion. Mishra and Shukla (1986) treated plants of maize 
and soybean with fly ash by dusting. At the lower dusting 
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rates both the crops showed an increase in plant heights , dry 
weight, metabolic rates, but reduction occurred in pigment 
contents and dry matter production. Reduction in plant growth 
at highest dusting rate was at tr ibuted chiefly to the excessive 
uptake and accumulation of boron and alkal ini ty caused by 
excessive soluble salts on the leaf surface. 
Control of particulate air pollution by plants. 
Certain green plants, grasses and epiphytes like orchids 
could control part iculate air pollution. Pollution Research 
Laboratory, College of Agriculture, Universi ty of Calcutta has 
reported that certain plants have remarkable dust f i l ter ing, air 
cleaning and air pur i fy ing capacit ies. Das (1981) reported in a 
study that certain plants with simple leaves such as peepal 
(Ficus riligiosa), pakur {Ficus infectoria), banyan (Ficus 
benghalensis), teak {Tectona grandis), sal {Shorea robusta), 
ar juna {Terminalia arjuna), mast (Polyathia), mango 
(Mangifera indica) etc. are better dust collectors than the 
plants with compound leaves like gul mohar {Poinclana regia), 
tamarind {Tamarindus indica). Cassia fistula, neem 
{Azadirachta indica). Orientation of leaf on the main axis, 
size, shape and surface of leaf, tr ichomes and their types, wax 
deposit ion, stomatal movement, venation pattern and cuticular 
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configurat ion etc. control the dust- trapping potential (Shetye 
and Chaphekar, 1977; Das, 1981; Yunus et al., 1985). Road 
side plantat ion is ef fec t ive in reducing the amount of 
par t iculate matter in the atmosphere as trees have abili ty to 
abate overland movement of part iculate pollutants result ing in 
reduct ion of 27% by deciduous trees and 38% by coniferous 
stand in urban areas (Dochinger, 1980). A green patch of 
2.5Km sq. reduced 27% dust fall in Hyde Park of London 
(Meetham, 1964). 
Among the part iculate air pollutants, f ly ash and brick-
kiln dust are two major pollutants in India. Fly ash is emitted 
f rom thermal power plant in huge quantity and brick-kiln dust 
f rom brick-ki lns during combustion of coal. 
Fly Ash 
Fly ash is a major air pollutant produced by thermal 
power plants during coal combustion. Among the energy 
projects , the thermal power plants are of prime concern, which 
produce energy by burning coal, supply bulk of power 
generated in India. Consequently, thermal power plants spread 
all over the country are major sources to the atmospheric 
pol lutant . In India, about 65 mill ion tonnes of coal ash was 
produced during 1993. At present, nearly 90 mill ion tonnes of 
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f ly ash are being produced f rom the thermal power stations 
throughout India. It is l ikely to exceed 140 mill ion tonnes by 
the year 2020 AD (Anonymous, 1997). Such removal and 
disposal of large amount of ash is a d i f f icu l t task and posses a 
serious environmental and ecological problem. 
Characteristics of fly ash 
The composit ion of the parent coal, condit ions during 
combustion, ef f ic iency of emission, control devices, storage 
and handling of other by products and the prevai l ing weather 
condit ions (Anonymous, 1997) determine the propert ies of f ly 
ash. Bulk density of f ly ash of Brit ish coal ashes was quite 
low i.e. 0.99 to 1.73 gcm'^ (Townsend and Hodgson, 1973) and 
0.56 to 1.23 gcm'^ (Cope, 1962), which makes f ly ash a good 
material for light weight block (Phung et al., 1978). 
Fly ash consists of many minute, glass-l ike part icles of 
0.01 to 100 mm having specif ic gravit ies 2.1 to 2.6 (Davison 
et al., 1974). It gives spherical , glassy and transparent 
appearance due to melting of silicate minerals during coal-
combustion (Hodgson and Holliday, 1966). Fly ash of Indian 
coal consists of 25% sand sized particles (2 to 0.02mm), 65% 
silt sized part icles (0.02 to 0.002mm) and 10% clay sized 
part icles (<0.002mm) (Mishra and Shukla, 1986). It contains 
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various usefu l elements such as Ca, Mg, Fe, Cu, Zn, K, Mn, B, 
S and P along with appreciable amounts of toxic heavy metals 
such as Cr, Pb, Hg, Ni, V, As, Si, Al, Mo and Ba (Majumdar 
and Mukhar jee , 1983; Fulekar et al., 1983; Dalmau et al., 
1990; Sikka et al., 1994) except ni trogen (Adriano et al., 
1980). The f ly ash is generally alkaline, with pH mostly 
ranging f rom 8.2 to 12.5 (Furr et al., 1977). The contents of B, 
Ca, Mg, Mn and Mo in plants grown on fly ash or f ly ash 
amendments indicate that these nutr ients are present in a 
soluble form (Cope, 1962; Hodgson and Holliday, 1966; Rees 
and Sidrak, 1956). Some fly ashes also exhibit Pozzolanic 
proper t ies , i.e. they can react with water in the presence of 
lime to form cement, which can result in reduced inf i l t ra t ion 
and root penetrat ion in ash deposits and ash amended soil 
(Townsend and Hodgson, 1973; Adriano et al. 1980; Bradshaw 
and Chadwick, 1980). Deposit ion of f ly ash on land af fec ts the 
soil propert ies . Soil becomes enriched with salts and trace 
elements, thus reduces bulk density of soil and ul t imately 
increases pH, electrical conductivity, water holding capacity, 
Ca, Mg, Na, B and S04^' in the soil. Coal f ly ash samples from 
Savana river were studied for d i f ferences in physico-chemical 
proper t ies by Menon et al. (1990). The f ly ash samples 
d i f fered considerably in pH, conductivi ty and elemental 
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composit ion. The transi t ion metal appeared to bind more 
t ightly on smaller part icles than on larger ones. Wong and 
Wong (1986) compared the propert ies of f ly ash with two 
types of soils. The fly ash was extremely alkaline and had a 
very high level of electrical conductivi ty compared with the 
other two types of soils. Both types of soils had the highest 
amount of macro-nutr ients including total organic carbon, 
total ni trogen and total phosphorus, whereas, the f ly ash had 
the lowest amounts. In contrast , the f ly ash possessed 
extremely high concentrat ions of all the trace metals tested 
except Zn, compared with the two soils. Mishra and Shukla 
(1986) also compared the f ly ash with soil. They studied 
par t ic le size distr ibution in which silt was greater in amount 
in the f ly ash while bulk density was less than the soil. 
Electr ical conductivity, pH and nutrients were in high amounts 
in f ly ash compared to soil. Deshmukh (2000) when applied 
graded levels of f ly ash, bulk density was decreased while 
water holding capacity of soil was increased. The available 
NPK, micro-nutr ients like Cu, Fe, Zn, Mn and exchangeable 
Ca and Mg were increased with f ly ash application. The effect 
was non-s ignif icant on pH, EC and lime content and 
s ignif icant e f fec t on CEC. Kene et al. (1991a) added fly ash to 
soil at the rates 0,5,10 &15% (W/W). Fly ash addition 
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s ignif icant ly reduced water holding capacity, bulk density, 
contents of f ree lime, organic carbon, total and available 
N,P,K and CEC of the soil, and increased the contents of fine 
sand which improved texture of the soil. Similarly, Khan et al. 
(1997) observed that the porosity, water holding capacity, 
CEC and conductivity were higher in f ly ash; sulphate, 
carbonate, bicarbonate and chloride contents, concentrat ions 
of P, K, Ca, Mg, Mn, Cu & Zn were also higher in f ly ash than 
in f ie ld soil. But N was present in low amount in f ly ash. 
Singer and Berkgaut (1995) worked on cation exchange 
propert ies of hydro thermally treated coal f ly ash. 
Approximately 50% fly ash could be converted to Zeoli tes . 
The CEC reached at 2.5-3.0 mequiv/g. Concentrat ions of 
extractable B, Mo and Se in f ly ash were decreased. Fleming 
et a / . (1996) investigated the leachabil i ty of metal municipal 
waste incinerators under acidic condit ions. Signif icant 
increase in extraction of Cd, Cr, Zn, Pb, Hg, and Ag ions from 
the ash was attr ibuted to the instabil i ty of the mineral phases 
that contain these metals under acidic condit ions. 
Sims et al. (1995) studied adsorption and disadsorpt ion 
of phosphorus in soil amended with various concentrat ions (0-
30%) of f ly ash. Fly ash increased soil phosphorus f rom 13-34 
mg/kg (20-30% fly ash) which enhanced plant growth. Kukier 
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et al. (1994) tested two f ly ashes from Georgia as a source of 
boron for corn growth on two soils of d i f ferent textures. Both 
soils (cecil and lake land soil) showed a l inear re la t ionship 
between f ly ash rates and hot water extractable soil boron 
which increased with decreasing pH. 
Effect of fly ash on plants 
Since f ly ash has all the micro- and macro-nutrient 
elements, it is now used as non conventional fer t i l izer for the 
improvement of plant growth and yield. Plant growth and yield 
of tomato was found better when fly ash was applied to soil 
par t icular ly at lower dosage (Khan and Khan, 1996). Matte and 
Kene (1995) evaluated the effect of d i f ferent levels (0, 5, 10 
and 15 tonnes/hactare) of f ly ash on Kharif crops (cotton, 
sorghum, groundnut, soybean, green gram and mustard). 
Applicat ion of 10 tonnes f ly ash/hectare gave the best results . 
When f ly ash was added in the soil at the rates of 0,5,10 and 
15% w/w, the beneficial ef fects on growth and yield of 
sunf lower were observed upto 10% amendment of fly ash 
(Kene e/ a/ . , 1991b). The groundnut was grown with f ly ash 
(0,5,10,15t /h) and fer t i l izers (0:25:50:0, 18.75:37.50:0Kg 
N:P:k/h) . Fly ash application decreased maximum water 
holding capacity and increased NPK and exchange Mg^^ 
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and trace elements (Zn, Cu, Fe and Mn). The best rate for 
improving soil propert ies was ten tonnes of f ly ash per hectare 
(Kuchanwar et al., 1997). Singh and Singh (1986a) studied the 
response of rice cv. Madhuri to d i f ferent levels of f ly ash 
appl icat ion at varying fer t i l i ty levels in saline soil. Fly ash at 
20% level s ignif icant ly increased the contents of N,P,K at all 
growth stages and uptake of these nutr ients by grain and 
straw. Scotti et al. (1996) studied the ef fec t of f ly ash on 
chichory {Cichorium intybus) grown in two soils with or 
without (3% and 10%) f ly ash. Addition of 3% fly ash showed 
s ignif icant increase in yield. 
Pasha et al. (1990) observed that soil amendment with 
f ly ash (10% and 20%) improved plant growth, yield and 
chlorophyll contents of leaves of cucumber plants. Tripathy 
and Sahu (1997) found that 50% fly ash applied to soil 
increased height, girth, leaf number, leaf area, spike length 
and dry weight of wheat plant. Soybean plants grown in f ly 
ash amended soil showed signif icant increase in plant growth, 
yield, leaf pigment, protein and oil contents of seeds at 25 & 
50% fly ash level (Singh, 1993, Singh et al., 1994). Sajwan et 
al. (1995) used sewage sludge and fly ash mixtures in ratios 
(4:1, 4:2, 4:3 & 4:4) and application rate to soil was- 0, 50, 
100, 150, 200 and 400t/acre. Plant growth and yield improved 
at 50-100t/acre. Sahu and Dwivedi (1999) showed that seed 
germinat ion in Vigna mungo and Abelmoschus esculentus was 
highest at 25% concentrat ion of f ly ash, while the plant 
growth of both the plants was best at 50% concentrat ion. The 
chlorophyl l content was maximum at 50% concentrat ion in V. 
mungo, whereas, it was maximum at 25% in A. esculentus 
plant . 
Fly ash contains very small amount of ni trogen. Plant 
growth, yield, leaf pigments and seed proteins are af fec ted 
adversely through poor nitrogen avai labi l i ty in f ly ash 
amended soils (Wong and Wong, 1986, 1989). Singh (1993) 
reported that root nodulat ion and leaf ni trogen gradually 
decreased with an increase in the f ly ash concentrat ion from 
60% level. Garau et al. (1991) reported that net nitrogen 
mineral izat ion decreased as the rate of fly ash application 
increased. However, the ef fec t of fly ash on nitrogen 
mineral izat ion was also dependent on its composi t ion. The 
appl icat ion of 50t/ha f ly ash did not s ignif icant ly af fec t the 
ni trogen minerl izat ion. 
Bhaisare et al. (2000) conducted an experiment during 
summer 1993-94 on green gram (K-851) with three levels of N 
(0, 18.75, 25Kg/ha) and P(0,37.8, 50Kg/ha) and four levels of 
f ly ash (0,5,10 & 15t/ha) on vertisol. Results showed that 
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s ignif icant ly highest yield of grain and straw along with 
highest content and uptake of nutrients were recorded with the 
increasing levels of f ly ash upto lOt ha"'. Further increase in 
its applicat ion did not show any advantage. The highest 
content of crude protein and test weight were recorded by 
same level of f ly ash. Amongst the fer t i l izers , green gram 
responded well to higher doses of N and P fer t i l izers for yield, 
quali ty and nutrient uptake. Combined ef fec t of f ly ash and 
fer t i l izers was non-s ignif icant . 
Fly ash also contains some toxic substances along with 
heavy metals in appreciable amount that have bad impact on 
plants . Inhibit ion in root nodulat ion on legumes was reported 
in soil amended with f ly ash at higher levels by Singh (1989). 
He suggested that heavy metals present in f ly ash might have 
caused suppressed growth. The root length and cotyledons 
length of seedlings of desert annuals decreased with increased 
f ly ash treatment upto 50% (Vollmer et al., 1982). Sajwan et 
al. (1995) observed the reduced yield of plant at higher 
appl icat ion rate of f ly ash. This might be due to assimilat ion 
of high levels of boron, which was phytotoxic. The amount of 
N,P,K, Ca, Mg, Mn, Fe, B, Cu, and Zn in both soil and plants 
were in elevated concentrat ions. Sikka and Kansal (1995) 
found that yield of rice was increased s ignif icant ly at 2-4% 
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w/w due to input of N,S and Fe from fly ash, while it was 
reduced at 8% fly ash level due to lower P and Zn availabil i ty 
and possible toxici t ies of other elements. McMurphy et al. 
(1996) noticed that f ly ash causes al ternation in the maize 
genome, when plants were grown in soil mixed with f ly ash. It 
also reduced the soil genotoxic effects . Sahi and Singh (1996) 
showed that heavy metals present in f ly ash caused genetic 
damage to Allium cepa which led to death. Gupta ei al. (2000) 
found that fly ash exhibited reduced growth of nodulat ion, 
chlorophyll , carotenoid, protein contents and ni trate reductase 
activity, and the elements Fe, Zn, Cu and Mn accumulated in 
large quanti t ies in plants. 
Brick-Kiln Dust 
Brick-kiln dust is a second major air pollutant among the 
par t icula tes in India, emits from the brick-kilns during coal-
combustion. Rapid growing populat ion, great race for rapid 
urbanizat ion and industr ial izat ion need more and more bricks 
for construct ion. In India, f ire clay bricks are produced in 
about 40,000 small brick-kilns and clamps which operate 
seasonal ly using around 40-50 lac tonnes of coal each year 
(Mishra et al., 1987). The harmful gases and solid components 
which are released from kilns af ter combustion, adversely 
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af fec t the atmosphere, hydrosphere, l i thosphere and whole 
biosphere. The consumption of coal is about 18 tonnes for 
preparing one lac bricks. The product of complete combustion 
of fue l in brick-ki lns mainly consist f luoride, carbon dioxide, 
water molecules, oxides of ni trogen, sulphur dioxide, sulphur 
t r ioxide in gaseous form and brick-kiln dust in powdered 
waste form. Brick-kiln dust is a mixture of soil and ash of 
coal+wood which are lef t af ter consumption in kilns. The air 
pol lut ion levels near these kilns have assumed s ignif icant 
importance, as they not only pose serious occupat ional health 
hazards, but also adversely a f fec t the crops, f ru i t plantation 
and nearby buildings (Aslam et al., 1994). 
Effect of brick-kiln dust on plants 
Shyu et al. (1999) investigated the f luoride accumulation 
in leaves of banana and betel nut near a brickyard over a 14 
months period. Periodic sampling was performed at 7 sites 
within a 4-km distance from the brickyard and at a non-
pol lutant area 20 km away. The mean leaf f luoride content in 
leaves of banana and betel nut at the 7 sites around the 
brickyard was 50.1 and 119.9mg/kg dry weight respect ively. 
These f igures were more than 4 times higher than those of the 
samples collected from the non-polluted area, 11.2mg/kg for 
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banana and 20.9mg/kg for betel nut. The data also indicated a 
dist inct seasonal variat ion of leaf f luor ide content. Samples 
col lected between May and September was 0.3-0.6 and 0.4-0.7 
fold respect ively, of the yearly mean f luoride content . The soil 
f luor ide content ranged from 0.69-4.13mg/kg. Jain et al. 
(2001) analysed that SO2, NOx, CO and HC are ins ignif icant 
pol lut ing parameters near brick-kilns. However, human health, 
f lora and fauna and visibi l i ty are worst a f fec ted in the 
proximity of a brick-kiln. Sum and Su (1985) shown the acute 
symptoms of tip necrosis on leaves of rice plants grown in 
ceramic and brick industry areas of Taiwan. The severity of 
the injury increased by increasing f luor ide concentrat ion in 
rice leaves. There was an 80-fold d i f ference in f luoride 
concentrat ion between healthy and severely injured leaves. 
Fumigation of rice seedlings with HF induced symptoms on 
leaves similar to those occurring in nature. Results suggested 
that f luor ide emitted from the ceramic and brick factor ies 
caused the rice disease. However, the effect of brick-kiln dust 
on plants is not available so far. There are various elements, 
which can be used to prepare low cost burnt bricks. According 
to Gowande et al. (1993) the average compressive strength of 
unburnt clay soil block in combination with cotton stalk 
(90:10) was 10.50kg/cm^ while, compressive strength in burnt 
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blocks of soil with aluminium (96:4) was 26.63 kg/cm^ and of 
soil with cotton (95:5) was 21.5 Kg/cm^. 
The part iculate matter poses large surface areas and 
hence appear to form attractive sites for sorption of various 
organic and inorganic matters. Rai and Kumar (1999) 
invest igated suitabil i ty of brick-kiln dust and fly ash for 
removing chromium (VI) from waste water. Both adsorbents 
exhibi ted fa i r ly good sorption potential for chromium (VI) 
with a maximum at pH 1.3. 
An estimate indicates that part iculate contaminants 
contain more than 20 metall ic elements. The most abundant are 
calcium, sodium, silicon, aluminium and iron, considerable 
quant i t ies of zinc, lead, copper, magnesium and manganese 
(Martens and Beahm, 1978). Kulshreshtha et al. (1995) 
reported the nature and source of atmospheric aerosol near the 
Taj Mahal. They found that heavy metals Na, K, Ca, Mg, Fe, 
Al, Mn, Si, Ni, Cu, Zn, Pb and Cd were associated with the 
soil derived elements, industr ial processes, wood combustion 
and brick-ki lns. These heavy metals af fect adversely on the 
plant growth and yield. Brown et al. (1986) studied the effects 
of increasing Zn concentrat ion on germination, survival and 
growth of birch. Germination was decreased with elevated zinc 
levels. Distinct d i f ferences were found for percentage survival 
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and growth. Radical elongation was more adversely a f fec ted as 
compared to hypocotyl extension. Godbold and Huttermann 
(1985) found the inhibit ion in root elongation of Picea abies 
seedlings when assessed against the toxici ty of Zn, Cd, and 
Hg. Xingfu (1989) planted the kidney beans in the soils where 
concentrat ion of the metals in soil was higher. The growth of 
kidney beans was restr icted in heavy metal polluted soils 
compared with controls. Metal concentrat ion and metal uptake 
by plants were correlated. The highest re la t ionship was found 
between amount of metal uptake and the metal concentrat ion 
in exchangeable carbonate forms. Hetal et al. (1999) 
invest igated the uptake of Cd and Zn by Leucaena 
leucocephala, a leguminous tree cropped for fodder and green 
manure. This was affected by the addition of lOmM NaCl to 
i rr igat ion water. Salinized plants showed shorter roots, 
reduced retention of Cd and Zn in roots and stems and 
considerable t ranslocat ion of both elements to the leaves. 
They suggested that NaCl salinity af fects not only the 
bioavai labi l i ty of Cd and Zn in soil but also modif ies plant 
func t ions related to their acquisi t ion and t ranslocat ion to the 
leaves. The results provided the evidence that the risk of 
t ransfer of heavy metals to the food chain and their 
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leachabi l i ty to the ground water may be greater under saline 
condi t ions than general ly assumed. 
Oilseed Crops 
India is one of the leading oilseed producing countries in 
the world with 21% of the world 's area and 15% of the world 
product ion. Oilseeds come in second largest agricultural 
commodity af ter cereals sharing 13% of the count ry ' s gross 
cropped area and accounting for nearly 5% of gross national 
product ion and 10% of the value of all agricul tural products. 
There are 9 main annual oilseed crops: groundnut (Arachis 
hypogia L.), rapeseed {Brassica campestris L.), mustard 
(Brassica juncea L.), sesame {Sesamum indicum L.), sunflower 
{Helianthus annus L.), saff lower (Carthamus tinctorius L.), 
soybean (Glycine max L.), niger {Guizotia abyssiniea (L.) 
cross), castor {Ricinus communis L.) and linseed (Linum 
usi ta t iss imum L.) (Reddy and Pati, 1998). Oilseeds are rich 
sources of oils and valuable proteins. Oilseeds and oilseed 
meals have an important role in relieving the malnutr i t ion and 
calorie nutr i t ion of the human and animal populat ion. In 
addit ion, the vegetable oils are useful as lubricants , surface 
coatings and as raw material for various industrial products. 
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Brassica juncea L.(Mustard) 
B. juncea (Indian mustard or brown sarson) belonging to 
the family Brassicaceae, commonly known as rai, is an oil 
yie lding rabi crop of India. The average yield of oleiferous 
(Brass icas) in India is 748Kg/ha (Anonymous, 1988). India 
occupies the second posit ion in the world with regard to the 
product ion of Brassicas. However, it is considerably poor as 
compared to the world's 1207kg/ha yield (Anonymous, 1985). 
B. juncea accounts for approximately 80% of the total 
product ion of Brassicas in India (Anand, 1989). 
Solanki and Chauhan (1993) studied the d i f fe ren t levels 
of sal ini ty on seven cultivars of B.juncea namely CS-12, CS-
50, CS-416, CS-52/AS, Varuna and Pusa bold. The di f ferent 
levels of salinity caused marked reductions in total yield, 1000 
seed weight and oil content. Singh et al. (1993) studied the 
e f fec t of various doses of gamma rays and di f ferent 
concentrat ions of ES, Streptomycin acriflavin and ethidium 
bromide on B. juncea var. Pusa bold. They found that all the 
t reatment reduced the time taken for germination, germination 
percentage, seedling growth and total biomass except ethidium 
bromide, which enhanced the size of cotyledonary leaves. 
31 
A f ie ld experiment on mustard was conducted to study 
the ef fec t of irr igation and sulphur on the concentrat ion, 
uptake and availabil i ty of sulphur, nitrogen and phosphorus. 
These contents in soil were s ignif icant ly increased with every 
successive increase in level of sulphur. Af ter harvest, the 
highest sulphur, nitrogen and phosphorus contents in soil were 
observed in treatment 60Kg S ha-1, which was s ignif icant ly 
superior over rest of the t reatments . The lowest contents were 
observed in control (Raut et al., 2000). Tomar (1996) studied 
the e f fec t of nitrogen and sulphur on physiological 
components of B. juncea in clay loam soil. Physiological 
parameters viz. leaf area index, absolute growth rate, crop 
growth rate and net assimilat ion rate, relative growth rate and 
leaf area ratio were enhanced s ignif icant ly except NAR with 
increasing levels of nitrogen upto 90Kg/ha and sulphur 
45Kg/ha at every stage of growth. The NAR was decreased 
with increasing levels of N and S. Tripathy and Sahu (1998) 
observed the ef fec t of f ly ash levels on mustard. Growth and 
yield increased upto 50% fly ash level. 
Linum usitatissimum L. ( L i n s e e d ) 
L. usitatissimum (Linseed), belonging to the family 
Linacea, is an important oilseed and f ibre yielding crop. One 
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of the f i rs t oilseed crops to be cult ivated systematical ly was 
probably l inseed. There is fossi l evidence of the selection for 
agr icul ture of soil-bearing variet ies of linseed from over 8000 
years ago. Their f i rs t mention in writ ten records is found in 
ancient Sumerian and Akkadian texts dating from 4000 to 5000 
years ago, which refer to oilseeds such as sesame and l inseed. 
Linseed is a double purpose crop grown for ei ther oil 
extract ion f rom seed or f ibre from the stem. 
Mohammad (1994) advocated that, depending on soil 
ni t rogen status, judic ious combination of soil and leaf applied 
ni trogen could be exploited to increase the product iv i ty of 
l inseed. Sanchez and Flores (1999) observed ef fec t of N in 
d i f fe ren t doses on linseed cv. Tapa INTA. The doses were 
0 .40.80.120 or 160 Kg of N/ha. Nitrogen increased seed yield 
and seed dry matter as a proportion of total dry matter , with 
no s igni f icant d i f ferences among N rates. Sarode et al. (1998) 
studied yield and nutrient harvest pattern of l inseed. These 
were inf luenced by graded level of nitrogen and phosphorus 
1.e. 0-60Kg N and 0-60 Kg P2O5 /ha. Seed and straw yields 
increased with upto 60kg N and 30 kg P2O5. Uptake of N, P 
and K fol lowed a similar pattern, while uptake of Ca and Mn 
increased upto the highest P rate. Uptake of Zn and Fe was 
increased by N application but decreased by the highest P rate. 
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MATERIALS AND METHODS 
For the study di f ferent mater ials and methods were 
employed in the fol lowing manners and experiments were 
divided into two major sections. 
Source of Pollutants 
Part iculate air pollutants f ly ash and brick-kiln dust used 
in the experiments were collected f rom di f fe ren t sources. Fly 
ash was obtained from the thermal power plant, Kasimpur 16 
km away from Aligarh city. The power plant complex consists 
of three power houses namely ' A ' , ' B ' and ' C having a 
capacity of 90MW, 216 MW and 230MW electr ici ty generat ion 
respect ively. Brick-kiln dust was obtained f rom brick-ki ln 
situated at Asna, 15km away from Aligarh city. 
Extent of Pollution 
The bituminous type of coal is used in Kasimpur Thermal 
Power Plant. The chemical const i tuents of coal are 2.93% 
moisture, 22.17% ash, 31.86% volat i le matters including 
0.48% sulphur, 5.61% hydrogen, 5.23% nitrogen, 20.3% 
oxygen and 42.47% fixed carbon on an average (Table 1). 
When huge amount of coal is subjected to high temperature 
(1200°C-1400°C) for combustion, it produces noxious gases. 
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Fig . l : Shows a Brick Kiln, situated at Asna, 15 Km away 
from Aligarh city, and coal used for burning of bricks. 
Fig. 2 : Shows the brick-kiln dust and prepared bricks. 

Fig.3 : Shows the Thermal Power Plant, situated at Kasimpur 
16 km away from Aligarh city. 
Fig.4 : Shows the Fly Ash Pond where fly ash is collected 
through pipe from the source. 

part iculate matters and ash, released through the chimneys 
into the atmosphere. 
For making bricks alluvial type of soil is used. When raw 
bricks are burned with coal at high temperature noxious gases 
specially hydrogen f luoride and huge amount of part iculate 
matters are released. The part iculate matters containing coal 
ash, wood ash and soil dust are called brick-kiln dust. 
Selection of Site 
The experiments were conducted in the glass houses 
fabricated at the Department of Botany of Aligarh Muslim 
Universi ty, Aligarh. The site is situated 16 Km away from the 
source of f ly ash pollutant and 15Km away from brick-kiln 
dust pollutant. 
Fly Ash/Brick-Kiln Dust Amendments 
Soil collected from agricultural f ields after scrapping of 
the surfaces, l i t ters present if any. The soil used in the 
experiments was sandy loam containing 66% sand, 24% silt 
and 8% clay particles and 2% organic matter. The soil was 
autoclaved before incorporation. The fly ash in dif ferent 
concentrat ion i.e. 0, 5, 15, 30, 45, 60, 75 and ( 1 0 0 ^ was 
thoroughly ( m i x e d ) with soil to ensure its homogeneous 
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distr ibution. These amended samples were crushed and passed 
through 2mm sieve. Three replicates of each treatment were 
used. The soil without fly ash in three replicates served as 
control . The brick-kiln dust was amended with soil in the 
similar manner as with f ly ash. 
Test Plants 
Two test plants, Brassica juncea L. and Linum 
usitatissimum L. commonly grown as oilseed crops in Aligarh 
distr ict , were selected for the study. Seeds of B. juncea var. 
Varuna and L. usitaitssimum var.Neelam were obtained from 
Indian Agricul tural Research Insti tute, New Delhi, India for 
the experiments. 
S E C T I O N ! 
In this section, physico-chemical propert ies of 
d i f fe ren t levels of f ly ash and brick-kiln dust amended soil 
were studied before and after growing of h.juncea and 
L.usitatissimum. 
Experiment-1 
Analysis of Fly Ash Amended Soil Before Sowing 
Some physico-chemical propert ies of f ly ash amended 
soil before sowing were analysed to observe its fer t i l i ty status. 
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A. Physical properties 
Bulk density 
The bulk density of soil is the mass of the soil per unit 
volume. For this weighing bottle of 50ml without the stopper 
was weighed for each sample. It was fil led up with soil, 
f lushed up to the brim tapping the bottle about 20 times and 
weighed again. The soil was removed from the bottle and 
f i l led with water by means of graduated pipette then the exact 
volume was noted. The bulk density was calculated as follows: 
Weight of empty bottle = Wig 
Weight of bottle and soil = W2g 
Weight of soil = W2-W, 
Volume of the soil or volume of water needed to fill the bottle 
Vml 
W2-W, 
Bulk density = gm /cubic cm 
V 
Particle density 
The particle density of soil is the average density of soil 
particle. For this, 100ml specific gravity bottle was weighed 
and fi l led it with water completely. All moisture from outside 
the bottle wiped out and weighed again. The lOg air dried soil 
taken into a beaker and added few ml of water then boiled it to 
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expel all air and cooled at room temperature. Then water was 
removed from the bottle and fi l led it completely with the soil 
t ransferr ing it from the beaker with a je t of water. All 
moisture outside the bottle wiped out and weighed and 
calculated separately for each sample as follows: 
Weight of empty S.G. bottle = Wig 
Weight of empty S.G. bottle+water = Wjg 
Weight of water alone = W2. Wi 
Weight of soil taken = lOg 
Weight of S.G. bottle+water+soil = Wjg 
Weight of soil+water = W3-W1 
Weight of water displaced by soil = (W3-Wi)-(W2-Wi) 
= W3-W2 
10 
Particle density of soil = gm/cubic cm 
W3-W2 
Pore space 
The portion of a given volume of soil, which is unfil led 
with solid matter, is termed pore space. The percentage of 
pore space in each sample of soil was calculated by the 
following formula: 
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Particle density - bulk density 
Pore space (%) = x 100 
Particle density 
Sticky point 
Ten gm of soil from each treatment was taken and 
separated out on a glass plate forming thin layer. Sprayed with 
a f ine je t of distilled water until the soil was thoroughly wet 
and become sticky. Worked up the mass into a paste with a 
f lexible steel spatula. The soil was scraped and kneaded in the 
f ingers until it ceased to adhere to them or to the spatula. At 
this stage it was possible to cut, clear through the plastic mass 
without the soil adhering to the spatula, then it was weighed 
as quickly as possible in a weighing dish and then dried to a 
constant weight in the air oven and calculated the moisture 
content on oven dry basis. It represented the sticky point. 
Calculation was made as follows: 
Weight of dry dish = Wig 
Weight of dish + moist soil = W2g 
Weight of dish+dry soil = Wag 
Weight of moisture lost = W3-W1 
W2-W3 
Sticky point (%) = x 100 
W3-W, 
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Water holding capacity 
For knowing the water holding capacity, air dried soil 
samples were crushed in a porcelain mortar and passed through 
a small sieve of 1.5mm holes. After complete crushing, the 
course particles from the sieve were removed and particles 
were thoroughly mixed. The weight of the circular brass box 
with perforated bottom having fi l ter paper on bottom was 
taken (Wi). It was fil led with soil. The box with soil was kept 
in hot air oven for complete drying of soil. The weight was 
taken again after drying (W2). Now box was submerged in a 
petridish containing water Vi level and left for 12h. After the 
lapse of 12h, the box was gently taken out from the petridish 
and excess water was allowed to evaporate at room 
temperature and was weighed finally (W3). 
Calculation: 
W 3 - W 2 
Water holding capacity = x 100 
W2-W1 
Saturation percentage 
Saturation percentage was determined by taking 200g 
soil in a plastic container. Saturated paste was prepared by 
adding gradually distilled water from burette without stirring 
the soil, until water just wet the entire soil mass, then added 
few dro^^s till the surface glistens. Water was moved down 
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slowly through the soil pores. The soil was mixed with spatula 
and added more drops of water if needed so that the paste 
slided f ree ly and cleanly on tapping till it ref lec ted light and 
gl is tens. A hole was made by spatula in the center of paste to 
check the f low of soil paste. This was a soil saturat ion stage. 
This saturated paste was lef t for an hour to attain equil ibrium 
and checked again for s t i f fness or losing its shine. More water 
was added if needed and amount was recorded. Weight of a 
portion of saturated soil was taken by t ransferr ing it to a tared 
dish. Now it was dried in a hot air oven at 100-105°C 
overnight and found the weight again. 
Ca l cu l a t i ons : 
Weight of the dish Wig 
Weight of dish+soil paste = Wag 
Weight of dish+dry soil W3g 
Loss in weight of soil paste = W2-W: 
Weight of oven dried soil = W3-W] 
Saturation percentage 
100 (loss in weight on drying) 
Weight of oven dried soil 
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W2-W3 
X 100 
Wa-W, 
Moisture content 
Moisture content of the soil samples was determined by 
drying lOg of air dried soil samples separately in hot air oven 
at 105®C for 12-16 hours, then kept in a dessicator for cooling 
and weighed. The percent moisture content of soil was 
calculated as follows. 
Weight of the soil taken = Wig 
Weight of the soil after drying in oven = W2g 
Moisture percent = W1-W2 
W1-W2 
Percent moisture content = xlOO 
W-
Ignition percentage 
After determining the moisture, the dish containing the 
air dried soil (Wi) was transferred to a furnace then ignited it 
for 30-40 minutes at a bright red heat and cooled it in a 
dessicator. Later it was weight (W2). Ignition percentage was 
calculated as above. 
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B. Chemical Properties 
Soil reaction (pH) 
Twenty gm soil sample was taken in a 100ml beaker and 
40ml of double distilled water (DDW) was added. The 
suspension (1:2) was stirred at regular intervals for 30 minutes 
and the pH was recorded by glass electrodes. 
Electrical conductivity 
For this 50g soil sample was taken in 250ml conical flask 
and 100ml DDW was added. After shaking well flask was left 
for over-night, then soil suspension was fi l tered. Conductance 
was directly recorded by dipping the conductivity cell of 
conductivity meter in solution. Temperature was maintained 
and correlated with the table. 
Cation exchange capacity 
Cation exchange capacity (CEC) was measured by 
treating lOg soil sample with suff icient amount of O.IN HCl. 
After half an hour soil solution was washed with DDW through 
f i l ter paper till the removal of all acidity. Then soil was kept 
in saturated solution of KCl for 15min. After half an hour 
again it was fi l tered and fi l trate was treated with standardized 
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O.IN NaOH solution. Cation exchange capacity was calculated 
by given formula. 
YxlOO 
CEC = meq/lOOgm of soil 
10 
Y= volume of O.IN NaOH used 
Sulphate content 
Three reagents, conditioning reagent, barium chloride 
and standard sulphate solution were used for estimation of 
sulphate content of different soil samples. Conditioning 
reagent was prepared by adding 75g NaCl, 30ml concentrated 
HCl, 100ml 95% ethyl alcohol in 300ml DDW. Then it was 
mixed thoroughly after addition of 50ml glycerol to this 
solution. Crystals of barium chloride (BaCla) were used 
directly. Standard sulphate solution was prepared by 
dissolving anhydrous Na2S04 in DDW to make volume one 
litre. This solution contained lOOmg/L of sulphate. 
In lOOml soil solution (soil:water= 1:5) 50ml 
conditioning reagent was added. After stirring the solution 
BaCl2 crystals were added and stirred again for one minute. 
The readings were taken on a spectrophotometer at 420nm and 
the concentration of sulphate found out from the standard 
curve for 0.0-40mg/L at interval of 5mg/L. 
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SO4 Mg/L soil solution 
Percent Sulphate = 
2000 
Mg/100g=values (%SO4)xl000 
Carbonate and bicarbonate contents 
Carbonate and bicarbonate contents were estimated by 
Richards (1954) method. Fifty ml DDW was thoroughly mixed 
in lOOg soil and after settling it was decanted in a conical 
f lask. Five drops of phenolphthalein were added in the flask, 
thus pink colour developed. Then O.IN H2SO4 was added till 
the colour disappeared. Few drops of methyl red indicator was 
added in the flask and titrated till the colour changed from 
yellow to rose red. The carbonate and bicarbonate contents 
were calculated from the reading as follows: 
Vi = volume of O.IN H2SO4 used with phenolphthalein. 
V2 = volume of O.IN H2SO4 used with methyl red. 
2V,x0.1 
Carbonates : Normality of soil solution (Ni) = 
50 
Total carbonate = eq. WeightxNormality (Ni) of CO3 
(V2-V,)x0.1 
Bicarbonate:(N2) = 
50 
Total bicarbonates = eq. WeightxNormality (N2) of HCO3 
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Chloride content 
Three reagents, 0.02N sodium chloride, 0.02N silver 
nitrate and potassium chromate indicator were prepared 
separately. For 0.02 sodium chloride, 1.17g NaCl (AR grade, 
dried at 80°C for one hour) was dissolved in DDW to make 
volume one litre. Reagent 0.02N silver nitrate was prepared by 
adding 3.4 g silver nitrate in DDW to make volume one litre. 
This standardized against the standard NaCl solution and 
stored in amber coloured bottle away from light. Five percent 
aqueous solution (5%) of pure K2Cr04 was used as potassium 
chromate indicator. 
The 5ml soil sample was taken in a porcelain dish and 
diluted with 25ml DDW. After adding 5-6 drops of K2Cr04 
indicator, it was titrated with the standard AgNOs solution till 
the f irst brick red tinge appeared and calculated as follows: 
1ml of 0.02 N AgNOa: O.OOOVlg of chloride 
Chloride = Vx4 m.e./li tre 
Where V is the volume of 0.02N AgNOs used in t i tration. 
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Phosphorus 
The available phosphorus in soil samples was estimated 
by Olsen 's method (Olsen et al., 1954). For preparation of 
Olsen ' s reagent 42g NaHCOa was dissolved in DDW to make 
solution one litre. The pH was adjusted at 8.5 with small 
quanti t ies of 10% NaOH. Dickman and Bray 's reagent was 
prepared by dissolving 15g of ammonium molybdate (AR) in 
300ml of warm water (about 60°C). After cooling, 400ml ION 
HCl was added to make volume one litre. For preparation of 
stannous chloride solution, lOg crystalline stannous chloride 
(LR) was dissolved in 25ml HCl by warming and stored in an 
amber coloured bottle, carefully avoiding all contact with air. 
This was 40% SnCh stock solution. Just before use, 0.5ml was 
diluted with 66ml DDW. A piece of tin metal (AR) was added 
to keep the stock solution for long time. 
Calculation: 
Available phosphorus (^ig) = Rx(50/2.5) x(25/5) 
= RxlOO 
R= ng phosphorus in the aliquot (To be seen from the standard 
curve) 
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For standard curve of phosphorus, potassium dihydrogen 
or thophosphate (KH2PO4) (Analytical grade) was dried in air 
oven at 60°C for 1 hr and af ter cooling, 0.439g was dissolved 
in half litre disti l led water. Then 25ml of 7NH2SO4 (approx.) 
was added and made volume one litre with DDW. That was 100 
ppm stock solution of phosphorus (100|ig P per ml). From that 
stock solution, 2ppm phosphorus solution was made (50 times 
di lut ion). For preparation of the standard curve di f ferent 
concentrat ions of phosphorus (1,2,3,4,5 and 10ml of 2ppm P 
solut ion) were taken in 25ml volumetric f lasks. To these, 5ml 
of extracted reagent (Olsen ' s ) was added, thus blue colour 
developed. The colorimetric reading was taken against 660nm 
(red f i l ter jus t af ter 10 minutes). The curve was plotted by 
taking the colorimeter reading on the vert ical axis and the 
amount of phosphorus (m|ig) in the horizontal one. 
Soil sample 2.5g was taken in 100ml conical f lasks and a 
l i t t le quantity of Darco G60 was added fol lowed by 50ml of 
Olsen ' s reagent. A blank was run without soil. The f lasks were 
shaken for 30 minutes on a platform type shaker and the 
contents f i l tered immediately through dry f i l ter paper 
(Whatman N o . l ) into clean and dry beakers. In the f i l t rate , 
phosphorus was estimated colorimetr ical ly by Dickman and 
Bray ' s (excess acid) procedure (Dickman and Bray, 1940). 
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Soil extract 5ml (f i l trate obtained from shaking the soil 
in Olsen ' s reagent) was pipetted into a 25ml volumetric f lask. 
To this Dickman and Bray 's reagent was added drop by drop 
with constant shaking till the effervescence due to CO2 
evolution ceased. The neck of the flask was washed down with 
DDW and the volume was made approximately 22ml. Then one 
ml of the diluted stannous chloride solution (from 40% SnCU 
stock solution) was added and volume was made upto 25ml. 
The intensity of blue colour was measured at 660nm using a 
spectrophotometer just after 10 minutes. The concentration of 
phosphorus was determined from the standard curve. 
Organic carbon 
Organic carbon was estimated by Walkley and Black 
(1934) rapid ti tration method. Five reagents were prepared: (i) 
Potassium dichromate ( IN) was prepared by adding 49.04 g of 
AR grade K2Cr207 in one litre DDW. (ii) Ferrous ammonium 
sulphate (0.5N) was prepared by adding 196g hydrated 
crystall ine salt in one litre DDW containing 20ml concentrated 
H2SO4. (iii) For diphenylamine indicator, 0.5g diphenylamine 
was dissolved in a mixture of 20ml water and 100ml 
concentrated H2SO4 and stored in a coloured bottle, (iv) 
Concentrated sulphuric acid (sp. gr. 1.84) containing 1.25 per 
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cent silver sulphate and (v) Ortho-phosphoric acid (85%) were 
used. 
A small quanti ty of soil sample was ground and 
completely passed through 0.2mm sieve then Ig was placed at 
the bottom of a dry 500ml conical f lask. A 10ml of IN 
K2Cr207 was pipetted in and swirled a l i t t le. The flask was 
kept on asbestos sheet. Then 20ml H2SO4 (containing 1.25% 
Ag2S04) was run in and swirled again two or three times. The 
f lask was allowed to stand for 30 minutes and thereaf ter 200ml 
dist i l led water was added. After incorporat ion of 10 ml of 
phosphoric acid and 1ml of diphenylamine indicator the 
contents were t i trated with ferrous ammonium sulphate 
solution till the colour f lashed from blue-violet to green. A 
combination of H3PO4 and NaF was found to give a sharper 
end point simultaneously, a blank was run without soil and 
calculated as fol lows: 
lO(B-T) 100 
Organic carbon (%) = xO.OOSx 
B Weight of soil 
Where B=Volume (ml) of ferrous ammonium sulphate 
solution required for blank t i trat ion. 
T = Volume of ferrous ammonium sulphate needed for 
soil sample. 
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Nitrogen 
For determining the nitrogen in soil samples alkaline 
permanganate method (Subbiah and Asija, 1956) was 
employed. Six reagents were prepared. Potassium 
permanganate solution of 0.32%, sodium hydroxide of 2.5%, 
liquid paraff in (extra pure), 0.02N sulphuric acid of 0.02 N 
and boric acid solution of 2% containing 20ml of mixed 
indicator per litre were used. For mixed indicator, 0.066g 
methyl red and 0.099 g bromocresol green were dissolved in 
100ml of 95% alcohol. 
About 20g soil sample was taken in a 800ml dry Kjeldahl 
flask and 20ml water was added followed by 100ml each of 
0.32% KMn04 and 2.5% NaOH solutions. The frothing during 
boiling was prevented by liquid paraff in (1ml) and bumping by 
adding a few glass beads. The contents were distilled in a 
Kjeldahl assembly at a steady rate and the liberated ammonia 
was collected in a conical flask containing 20ml of boric acid 
solution (with mixed indicator). With the absorption of 
ammonia the pinkish colour turned to green. Nearly 100ml of 
dist i l late was collected in 30 minutes which was ti trated with 
0.02N H2SO4 till the original shade (Pinkish) came. Blank 
correction (without soil) was made for final calculation. 
N (ppm) = R X 0.05 xO.014 xio® 
52 
Heavy metal estimation 
Heavy metals i.e. Zn, Mg, Mn and Pb in soil samples 
were determined by mixed acid digestion using concentrated 
HNO3, H2SO4 and HCIO4 followed by atomic absorption 
spectrophotometer (Allen et al. 1974). Potassium was 
determined by flame photometer. 
Exper iment -2 
Analysis of Brick-Kiln Dust Amended Soil Before Sowing 
Brick-kiln dust collected from the brick-kiln established 
around Aligarh city was mixed thoroughly with field soil in 
different concentrations i.e. 0, 5, 15, 30, 45, 60, 75 & 100%. 
After grinding homogenous mixtures were prepared and passed 
through 2mm sieve for further use. All physico-chemical 
properties were analysed similarly as given in experiment 1. 
Exper iment -3 
Analysis of Fly Ash Amended Soil After Harvesting of 
B.juncea 
B. Juncea L. var. Varuna was grown in fly ash amended 
soil receiving concentrations 0, 5, 15,30,45,60,75 & 100% of 
f ly ash. After harvesting on maturity the soil samples were 
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collected in polythene bags for their phyico-chemical analysis. 
For analysis of physico-chemical characterist ics same methods 
were opted as done in experiment-1. 
Exper iment -4 
Analysis of Fly Ash Amended Soil After Harvesting of 
L. usitatissimum 
Soil samples were taken from the fly ash amended soil of 
d i f ferent concentrations i.e. 0, 5, 15, 30, 45, 60, 75 &100% 
after harvesting of L. usitatissimum in four months. The 
physico-chemical characteristics of soil were assessed as done 
in previous experiments. 
£ x p e r i m e n t - 5 
Analysis of Brick-Kiln Dust Amended Soil After Harvesting 
of B. juncea 
Brick-kiln dust was mixed with field soil in different 
concentrations viz. 0, 5, 15, 30, 45, 60, 75 & 100%. B.juncea 
was grown in these amendments for three months. After 
harvesting the soil samples were collected in polythene bags 
and physico-chemical properties were analysed as opted in 
experiment 1. 
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Experi inei i t -6 
Analysis of Brick-Kiln Dust Amended Soil A f t e l F i t a T ^ t i n g 
of L. usitatissimum 
L. usitatissimum was grown in different concentrations 
of brick-kiln dust amended soil. After four months plants were 
harvested and the soil samples were collected separately in 
polythene bags. Physico-chemical analysis was done as opted 
in previous experiments. 
Section II 
This section includes the evaluation of plant growth and 
yield of B. juncea and L. usitatissimum as well as analysis of 
NPK, heavy metals, total protein, photosynthetic pigments and 
oil properties in different concentrations of fly ash and brick-
kiln dust. 
Culturing of Plants 
Two oilseed crops- B. juncea and L. usitatissimum were 
grown for experiments during ' rab i ' season (October to 
January for B.juncea and October to February for 
L.usitatissimum) in following manner-
B.juncea: The seeds of B. juncea L. var. Varuna were surface 
steril ized with 0.1% HgCh and sown (10 seeds/ pot) directly 
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in autoclaved clay pots of 25cm sized liaving eight different 
f ly ash amended soils, in the month of October, 2000. Each 
treatment was replicated five times (7 treatments x5 replicates 
= 35 pots) for each experiment. The pots were arranged in 
randomized block design in the glass house. The plants were 
irrigated 2 or 3 times in a week with required amount of water 
from the side of pots. Thinning was done after three weeks of 
sowing to retain one healthy plant per pot. The crop was 
harvested after 90 days just before maturation and sampling 
was done carefully for plant growth and yield. 
L.usitatissimum: Seeds (10 seeds/ pot) of L. usitatissimum L. 
var.Neelam was sown in a same way as done in B.juncea. 
Thinning was done at four leaf stage (3 weeks old plants) and 
plants were allowed to grow for 120 days. After harvesting 
sampling was done for estimating plant growth and yield. Data 
were analysed statistically. 
Sampling Technique 
For study the physico-chemical and biochemical aspects, 
plants were sampled jus t before maturation. Plants were 
uprooted careful ly, keeping the root system intact and 
thoroughly washed to remove the soil particles. Length, fresh 
weight, dry weight of roots and shoots; photosynthetic 
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pigments; total protein; N, P, K and heavy metals; seed weight 
and number of seeds; and oil properties were estimated 
separately. 
Experiment-7 
Impact of Fly Ash on Plant Growth, Productivity and 
Biochemical Properties of B.juncea 
The above mentioned parameters were observed to study 
the impact of f ly ash amended soil on plant growth and 
productivity of B. juncea. The readings of proposed 
parameters were recorded by their standard methods. 
Plant Growth 
Growth activity 
The shoot and root lengths of B.juncea L. var. Varuna 
were measured in centimeter. The shoot length of the plant 
was considered from the ground level to the upper most 
growing tip of the main axis. The root length was measured 
from the ground to the last point of root tip. Fresh weight of 
roots and shoots was taken in grams. After taking fresh 
weight, plant parts were kept in hot air oven at 80°C for 48h to 
f ind out dry weights of root and shoot. Phytomass of the plant 
was calculated by following formula-
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Dry weight of whole plant 
Phytomass = 
Age of plant 
Green area 
Number of branches /plant: At interval of 7days, the number 
of branches in each plant with five replicates was counted. 
Number of leaves /plant: The number of ful ly opened leaves 
was recorded regularly at 7 days intervals of five replicates. 
Leaf area 
For leaf area, three leaves from each replicate were 
determined by tracing the leaves on tracing paper. The areas 
occupied by these drawings were measured with the help of a 
planimeter. 
Total green area/plant: The average leaf area was multiplied 
by total number of leaves per plant to obtain the total green 
area of leaf in cm^. 
Productivity 
Reproductive growth 
Flowers and frui ts on their appearance were counted 
regularly at 7 days interval. Length of pods, seeds per pod and 
seed per plant of selected individuals were counted. The 100 
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seeds were sun dried for a week and weighed on a chemical 
balance in grams. 
Biochemical Properties 
Photosynthetic Pigments 
Photosynthet ic pigments were estimated by MacLachlan 
and Zalik (1963) method. One gram fresh leaves were ground 
in 40ml of 80% acetone with the help of mortar and pestle. 
The suspension was decanted in Buchner funnel having two 
Whatman No. 1 f i l ter paper No. 1 and f i l terat ion was done with 
the help of suction pump. The residue was ground thrice by 
adding 30,20 &10ml acetone. The suspension was decanted in 
Buchner funnel and f i l tered in vacuum. At last mortar and 
pestle were rinsed with 80% acetone, t ransferred in Buchner 
funnel and f i l tered in vacuum. The f i l t ra te was t ransferred in 
100ml volumetric f lask and volume was made upto the 
capaci ty by adding acetone. Optical density (O.D.) in 
spectrophotometer was read at 480nm & 510nm for carotenoid 
and 645nm & 663nm for chlorophylls . Carotenoid and 
chlorophyll contents were calculated according to the formulae 
given below. 
7.6(O.D. 480)-1.49(0.D. 510) 
Carotenoid = 
DxlOOOxW 
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V 
Chi.a = 12.7(0.D. 663)-2.69(O.D.) 645) x 
lOOOxW 
V 
Chl.b = 22 .9 (0 .D. 645)-4.68(O.D. 663)x 
lOOOxW 
V 
Total ch. = 20 .2 (0 .D. 645)+8.02(O.D.) 663)x 
lOOOxW 
Where 
D = length of the light path 
V = total volume of the chlorophyll solution 
W = Fresh weight of leaf 
Total Protein Estimation 
Total protein of the seeds of B.juncea was estimated by 
Lowry et al. (1951) method. Following five reagents were 
used: 
Reagent A- 2.5% sodium carbonate in O.IN NaOH in ratio 
of 1:1. 
Reagent B- 0.5% CUSO4 in 1% sodium tatrate in ratio of 
1:4. 
Reagent C- 50ml Reagent A + 1ml Reagent B (alkaline 
CUSO4). 
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Reagent D- 50ml of 2% sodium carbonate in 1ml Reagent B 
(carbonate copper sulphate solution) 
Reagent E- Fol l in ' s reagent diluted to make IN acid 
(diluted Fol l in ' s reagent) 
Standard curve 
Before actual estimation standard curve was prepared by 
dissolving 40mg of egg albumin in O.IN NaOH solution. The 
volume was made upto 100ml. From this solution, aliquots of 
0.1ml to 1ml were taken in 10 test tubes. Reagent A was added 
to the test tubes. After 10 minutes 0.5ml reagent E was added 
to the test tubes. The optical density was read at 770nm and 
standard curve was drawn between optical density and 
concentration. 
Soluble protein estimation 
The 50mg dry powder of seeds was ground in 5 ml of 
double distilled water. The water extract was decanted in 
centr i fuged tube for centrifugation at 4000 RPM for 10 
minutes. Then supernatant was collected in 50ml volumetric 
f lask and residue was retained in centrifuge tube for 
estimating insoluble proteins after making the volume upto 
50ml. One 1ml of water extract was transferred in 10ml test 
tube followed by addition of 5ml of Reagent C. This solution 
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was mixed and left as such for 10 minutes. Then 5ml of 
reagent E was added and mixed immediately. The control was 
run along with experimental set. After half an hour the per 
cent transmittancy was read at 660nm and corresponding 
protein content was determined by using standard curve. 
Insoluble protein 
The residue in the centrifuged tube was mixed with 5ml 
of 5% trichloroacetic acid. After half an hour, it was 
centr i fuged at 4000 RPM for 10 minutes. The supernatant was 
discarded. Five ml of IN NaOH was added in the residue with 
vigorous shaking. After half an hour it was again centrifuged 
and supernatant was collected in 50 ml volumetric flask and 
volume was made upto within IN NaOH. One ml of this 
solution was taken in test tube with 5ml of Reagent D 
followed by mixing after 10 minutes. Then 0.5 ml of Reagent 
E was added with immediate mixing. The IN NaOH was used 
in control. The per cent transmittance was recorded at 660nm 
after 30 minutes. The protein content was calculated by using 
the standard curve. 
Oil Estimation 
Fats are fatty acid esters of glycerol. The liquid fats are 
called oil. Oil was estimated by the following method given by 
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Cox and Pearson (1962). Powdered seeds were kept in a fi l ter 
paper, folded in such a way to hold the seed meal. A second 
f i l ter paper was wrapped around which was left open at the top 
like a thimble. A piece of the cotton wool was placed at the 
top to evenly distribute the solvent as it drops on the sample 
during extraction. The sample pocket was placed in the built 
tubes of the soxhlet extraction apparatus and extracted with 
petroleum ether (150 drops/min.) for 6h without interruption 
by gentle heating. Then it was allowed to cool and dismaulted 
the extraction flask. It was cooled at room temperature after 
evaporation the ether on water bath until no odour of the ether 
remains. The dirt outside the flask was careful ly removed and 
weighed the flask. The heating was repeated until the constant 
weight was recorded. Oil percentage was calculated by 
fol lowing formula. 
Wt. of oil (g) 
Oil in ground sample (%) = x 100 
Wt. of sample (g) 
Estimation of saponification value 
Saponification is the process by which the fatty acids in 
the glycerides of the oil are hydrolysed by an alkali. 
Sponification value is the amount (mg) of alkali required to 
saponify a definite quantity ( Ig) of an oil or fat. This value is 
useful for a comparative study of the fatty acid chain length in 
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oils. Saponif icat ion values were determined by methods of 
William (1975). The sample was f i l tered through fi l ter paper 
to remove any impurities and the last traces of moisture 4-5 g 
sample was weighed, later 50ml of alcoholic KOH was added 
from burette by allowing it to drain for definite period of 
time. A blank was also prepared by taking only 50ml of 
alcoholic KOH allowing it to drain at the same duration of 
time. Air condenser was connected to the f lasks and boiled 
them gently for about Ih. After the flask and condenser get 
cooled it was rinsed down inside of the condenser with a little 
disti l led water and then removed the condenser. About 1ml of 
phenolphthalein indicator was added and titrated against 0.5N 
HCl until the pink colour just disappered and saponification 
value was calculated as follows: 
28.05x(t i t re value of blank-ti tre 
value of sample) 
Saponificat ion value = 
Wt. of sample (g) 
Estimation of acid value 
A small quantity of free acids is usually present in oils 
along with the triglycerides. The free fatty acid content is 
known as acid value. For determining acid value 1-lOg of oil 
was dissolved in 50ml of the neutral solvent in a 250ml 
conical f lask and few drops of phenolphthalein were added. 
Then the contents were titrated against O.IN potassium 
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hydroxide until a pink colour which persists for f i f teen 
seconds was obtained. Value was calculated by following 
formula: 
l i t r e valuexNormali ty of KOHx50 
Acid value (mg KOH/g)= 
Wt. of sample (g) 
1 ml N/10 KOH = 0.028 g oleic acid 
Estimation of iodine value 
Iodine value of oil was estimated by method of William 
(1975). 
Reagent 1- For Hanus iodine solution 13.6g of iodine was 
weighed and dissolved in 825ml glacial acetic acid by heating, 
then cooled and 25ml of this solution was titrated against O.IN 
sodium thiosulphate. Another portion of 200ml of glacial 
acetic acid was measured and 3ml of bromine added to it. To 
5ml of this solution 10ml of 15% potassium iodide solution 
was added and titrated against O.IN sodium thiosulphate. The 
value of bromine solution was calculated, to double halogen 
content of the remaining 800 ml of the above iodine solution 
as fol lows- X=B/C, where X=ml of bromine solution as 
fol lows-double the halogen content, B=800xthiosulphate 
equivalent of 1ml of iodine solution and C = thiosulphate 
equivalent of one ml of bromine solution. 
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Reagent 2- 15% potassium iodide solution. 
Reagent 3- 0.1% sodium thiosulphate and 
Reagent 4- 1% starch 
About 0.25g of oil was taken into an iodine flask and 
dissolved in 10ml of chloroform, mixed well with 25ml of 
Hanus iodine solution with the help of pipette by draining in a 
defini te time and allowed to stand in dark for exactly 30 min 
with occasional shaking. It was shaked thoroughly by adding 
10ml of 15% KI and 100ml of fresh boiled and cooled water, 
washing down any free iodine on the stopper, t i trated against 
O.IN sodium thiosulphate until yellow solutions turned almost 
colourless. Then a few drops of starch was added as an 
indicator and titrated until the blue colour completely 
disappeared. Towards the end of titration flask was stoppered 
and shaked vigorously so that any iodine remaining in solution 
in CHCI3 was taken up by potassium iodide solution. A blank 
was run. 
Estimation of NPK (Nitrogen, Phosphorus and Potassium) 
Digestion of plant leaves 
About 100ml of the oven dried powder of each leaves 
sample was transferred to a 50ml Kjeldahl flask to which 2ml 
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sulphuric acid was added. The contents of the flask were 
heated on temperature controlled assembly for about 2h, to 
allow complete reduction of nitrates present in the plant 
material by the organic matter itself. As a result the contents 
of the flask were turned black. After cooling the flask for 
about ISminutes, 0.5ml of 30% hydrogen peroxide was added 
drop by drop and the solution was heated again till the colour 
of solution changed from black to light yellow. After cooling 
for 30 minutes an additional 3-4 drops of 30% hydrogen per 
oxide was added, followed by heating for another 15minutes. 
The addition of 30% hydrogen peroxide, followed by heating 
was repeated if the flask did not become colourless. The 
peroxide digested material was transferred from the Kjeldahl 
flask to 100ml volumetric flask with three washings each with 
5ml DDW. Volume of the volumetric flask was made upto the 
mark with DDW. 
Estimation of Nitrogen 
Nitrogen was estimated according to the method of 
Linder (1944). A 10ml aliquot of the digested material was 
taken in a 50ml volumetric flask and 2ml of 2.5N sodium 
hydroxide and 1ml of 10% sodium silicate solution were added 
to neutralise excess of acid and to present turbidity 
respectively. The volume of the solution was made upto the 
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mark with distilled water. A 5ml aliquot of this solution was 
taken in a 10ml graduated test tube and 0.5ml of Nessler ' s 
reagent was added. The final volume was made with distilled 
water. The content of the tube was allowed to stand for 5 
minutes for maximum colour development and the optical 
density was read at 525nm with the help of a 
spectrophotometer. 
Standard curve: Ammonium sulphate 50mg was dissolved in 1 
lit DDW. From this solution 0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9 
and 1.0 ml were pipetted to ten different test tubes separately. 
The solution in each test tube was diluted with 5ml DDW. In 
each test tube, 0.5ml Ness ler ' s reagent was added. After 5 
minutes, the optical density was read at 525nm on 
spectrophotometer. A blank was run with each set of 
determination. Standard curve was prepared using different 
dilution of ammonium sulphate solution versus optical density 
and with the help of the standard curve the amount of nitrogen 
present in the sample was determined. 
Estimation of Phosphorus 
Total phosphorus in the sulphuric acid peroxide digested 
material was estimated by the method of Fiske and Subba Row 
(1925). A 5ml aliquot was taken in a 10ml graduated test tube 
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and 1ml of molybdic acid (2.5 per cent ammonium molybdate 
in ION sulphuric acid) was added carefully, followed by the 
addition of 0.4 ml of 1-amino 2-naphthol-4-sulphonic acid. 
The colour was turned blue. Distilled water used to make up 
the volume upto 10ml. The solution was shaken for Sminutes 
and then transferred to a colorimetric tube. A blank was used 
simultaneously with each determination. The optical density 
was read at 620nm on a spectrophotometer. 
Standard curve: Potassium dihydrogen orthophosphate 35 Ig 
was dissolved in suff icient DDW to which 10ml NH2SO4 was 
added and the final volume was made upto 1 litre with DDW. 
From this solution 0.1, 0.2, 0.3,0.4,0.5,0.6,0.7, 0.8, 0.9 and 
1.0 ml were taken in ten different test tubes separately. The 
solution in each test tube was diluted with 5ml DDW. In each 
tube, 1ml molybdic acid and 0.4ml l -amino-2-naphthol-4-
sulphonic acid were added. After 5 minutes the optical density 
was read at 620nm on spectrophotometer. A blank was run 
with each set of determination. Standard curve was prepared 
using different dilutions of potassium dihydrogen 
orthophosphate solution versus optical density and with the 
help of standard curve, the amount of phosphorus present in 
the sample was determined. 
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Estimation of Potassium 
Potassium was estimated with the help of flame 
photometer. After adjust ing the f i l ter for potassium in the 
photometer, 10ml peroxide digested material was run. A blank 
was also run side by side with each set of determination. 
Standard curve: Potassium chloride 1.91g was dissolved in 
100 ml of DDW, of which 1 ml solution was diluted with DDW 
to make 1 litre. The resulting solution was of lOppm 
potassium. From this lOppm, potassium solution, 1,2,3,4,5, 
6,7,8,9 and 10ml solution was transferred to 10 vials 
separately. The solution in each vial was diluted to 10ml with 
DDW. The diluted solution of each vial was run separately. A 
blank was also run with each set of determination. Standard 
curve was prepared using different dilution of potassium 
chloride solution versus readings on the scale of the 
galvanometer. The amount of potassium present in sample was 
determined with the help of standard curve. 
Heavy Metal Estimation 
Heavy metals present in the seeds' were estimated with 
the help of Atomic Absorption Spectrophotometer by the 
method of Jackson (1973). The plant material was ground and 
weighed 0.5g. Powdered plant material was kept overnight in 
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5ml of conc. HNO3. Next day 10ml of tri acid mixture (HNO3: 
HCIO4: H2S04-10:4:1) was added to it for digest ion. After 
cooling, 5ml of 6N HCl and 50ml disti l led water were added 
and the content was f i l tered to a 100ml volumetric f lask. This 
solution was directly fed to an Atomic Absorption 
Spectrophotometer af ter cal iberat ing the instrument with 
standard solution of d i f ferent dilutions. 
Experiments-8, 9, 10 
Plant growth, productivi ty and biochemical propert ies of 
L. usitatissimum with fly ash, B.juncea and L. usitatissimum 
with brick-kiln dust were studied in experiments 8, 9 and 10 
respect ively. The concentrat ion taken and parameters 
measured were same as taken in experiment-7. 
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RESULTS 
S E C T I O N ! 
The physico-chemical composition of different levels of 
f ly ash and brick-kiln dust amended soils were studied before 
and after growing of B. juncea and L. usitatissimum crops 
separately in this section. 
Experiment-1 
Physico-Chemical Analysis of Fly Ash Amended Soil Before 
Sowing: 
Physical properties 
The fly ash amended soil showed significant (P>0.01) 
increase in water holding capacity, particle density and 
saturation percentage at all the levels of fly ash (5, 15, 30, 45, 
60, 75 & 100%) in comparison to control (unamended soil) 
while pore space and sticky point increased significantly 
(P>0.05) at 15% level of fly ash. The increase was directly 
proportional to levels of fly ash before sowing of crops. While 
there was gradual significant (P>0.01) decrease in bulk 
density, moisture content and ignition percentage as fly ash 
level was increased in comparison to control, except bulk 
density and ignition percentage which were not decreased 
statist ically (P>0.05) at 5% level of fly ash in comparison to 
control, at 100% fly ash level these were lowest (Table 2). 
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Chemical properties 
Data presented in table 3 revealed that the pH of fly ash 
amended soils was increased significantly (P>0.01) at all the 
levels except at 5% fly ash level. It was signif icant at P>0.05. 
The increase was directly proportional to the levels of fly ash. 
Electrical conductivity also increased significantly (P>0.05 
and P>0.01) in all the fly ash levels except at 5% level, 
compared to control. Cation exchange capacity of the soil was 
influenced by the addition of fly ash in soil. A significant 
(P>0.01) increase occurred in CEC at all the levels except 
100% level, however, it was significant at P>0.05 as compared 
to control. Highest CEC was recorded at 15% fly ash level. 
Contents of sulphate and chloride, total carbonate and 
bicarbonate showed gradual significant (P>0.01) increase with 
the increase in fly ash percentage in soil, when compared to 
control except sulphate content which was statist ically non 
signif icant at 5% fly ash level. At 100% fly ash level the value 
of these contents were maximum. Nitrogen and organic carbon 
were present in very low amount at 100% level of fly ash. 
These were significantly (P>0.01) decreased at all levels of fly 
ash in soil except nitrogen at 5% fly ash level in comparison 
to control. Potassium and phosphorus were increased 
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signif icantly (P>0.01) at all the levels of f ly ash in 
comparison to control. Heavy metals- Zn, Mg, Mn, and Pb 
were significantly increased (P>0.01) at all the doses of fly 
ash in soil. The increase was highest in pure fly ash (100%), 
in comparison to control (Table 3). 
Experiment-2 
Physico-Chemical Analysis of Brick-Kiln Dust Amended 
Soil Before Sowing: 
The brick-kiln dust influenced the physico-chemical 
propert ies of soil at all the levels. 
Physical properties 
Water holding capacity, particle density, pore space (%), 
saturation percentage and sticky point of soil were 
s ignif icant ly (P>0.01) higher at all the levels of brick-kiln 
dust amended soil, compared to control. However, bulk 
density, moisture content, ignition percentage showed 
signif icant (P>0.01) gradual reduction as the levels of brick-
kiln dust were increased gradually in soil compared to control 
except bulk density which was statistically non signif icant at 
5% level of brick-kiln dust, these were lowest at 100% level 
(Table 4). 
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Chemical properties 
Brick-kiln dust amended soils showed significant 
(P>0.01) increase in pH and electrical conductivity at all 
levels (5, 15, 30, 45, 60, 75 and 100%), in comparison to 
control. Highest cation exchange capacity was observed at 
45% level of brick-kiln dust in soil. However, it was higher in 
all the levels in comparison to control. There was significant 
(P>0.01) increase in sulphate and chloride contents, total 
carbonate and bicarbonate as doses of brick-kiln dust 
increased in soil. However, increase in sulphate content and 
total bicarbonate were non significant at 5% level of brick-
kiln dust (Table 5). Phosphorus and potassium showed 
significant (P>0.01) increase with increasing concentration of 
brick-kiln dust in soil. While nitrogen and organic carbon 
significantly (P>0.01) decreased as the brick-kiln dust 
percentage increased in the soil, however, nitrogen was non 
signif icant at 5% level and statistically (P= 0.05) similar at 
15% level. It was very low in brick-kiln dust at 100% level. 
Heavy metals (Zn, Mg, Mn and Pb), in the brick-kiln dust 
amended soil, were significantly (P>0.01) increased at all the 
levels in comparison to control except Pb and Mg which were 
signif icantly increased (P>0.05) in 5% level of brick-kiln dust 
(Table 5). 
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£ x p e r i m e n t - 3 
Physico-Chemical Analysis of Fly Ash Amended Soil After 
Harvesting of B. juncea: 
The physico-chemical properties of f ly ash amended soils 
were analysed after harvesting of B. juncea. Most of the 
parameters were affected by growing the plants because mostly 
contents were utilized by the plants during development. 
Details are given below: 
Physical properties 
The water holding capacity, particle density, pore space 
(%), saturation percentage, and sticky point were in increasing 
order as the level of f ly ash increased in soil. The highest 
increase was found at 100% level of fly ash in comparison to 
control. While bulk density, moisture content and ignition 
percentage were decreased (P>0.01) significantly with respect 
to the percentage of fly ash in soil after harvesting the plants 
(Table 6). 
Chemical properties 
The pH and electrical conductivity were increased 
(P>0.01) significantly by increasing the fly ash level in soil, 
however, electrical conductivity was statist ically non 
significant only at 5% fly ash level in comparison to control. 
Cation exchange capacity showed significant (P>0.01) increase 
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upto 45% fly ash level and then reduced signif icantly (P>0.01) 
in subsequent levels in comparison to control. The gradual 
s ignif icant increase (P>0.01) was found in sulphate and 
chloride contents, total carbonate and bicarbonate in soil as 
level of f ly ash was increased except at 5% and 15% levels, 
where sulphate content and total bicarbonate were non 
signif icant respectively (Table 7). Phosphorus and potassium 
were found to be increased significantly (P>0.01) at all the 
levels of fly ash in soil except at 15 and 30% levels, where 
phosphorus was non significant. There were significant 
(P>0.01) reductions occurred at all the levels of fly ash 
amended soil in case of nitrogen and organic carbon. The 
nitrogen was found almost nil at 75 and 100% fly ash level in 
soils. The amount of Zn, Mg, Mn and Pb in f ly ash amended 
soil were (P>0.01) significantly higher with respect to levels 
of f ly ash in soil (Table 7). 
Experiment-4 
Physico-Chemical Analysis of Fly Ash Amended Soil After 
Harvesting of L. usitatissimum: 
Physical properties 
Some physical properties like water holding capacity, 
particle density, pore space, saturation percentage, sticky 
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point were affected by growing linseed crop in fly ash 
amended soil. After harvesting, these parameters were 
analysed and found that these were increased (P>0.01) 
s ignif icantly as fly ash level was increased in soil in 
comparison to control except particle density and sticky point 
which were not significant at 5 and 15% levels and pore space 
at 5% level of fly ash. The bulk density, moisture content and 
ignition percentage got reduction (P>0.01) significantly at all 
levels of fly ash but moisture content was non signif icant at 
5% fly ash level compared to control (Table 8). 
Chemical properties 
The pH and electrical conductivity showed significant 
(P>0.01) increase in all the treatments except pH at 5% fly ash 
level compared to control. However, cation exchange capacity 
was signif icantly (P>0.01) increased upto 75% level of fly ash 
in comparison to control. The highest cation exchange 
capacity was observed at 15% fly ash level. Contents of 
sulphate and total carbonate were increased gradually except 
in 5% fly ash level where these were significantly increased at 
P>0.05. Chloride content and total bicarbonate in soil at all 
the levels, were gradually increased (P>0.01) in comparison to 
control except total bicarbonate, which was non significant at 
5% fly ash level. There was significant (P>0.01) increase in 
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phosphorus, potassium and heavy metals (Zn, Mg, Mn & Pb) 
with increasing level of fly ash in comparison to control 
except phosphorus and magnesium, which were not significant 
at 5% level of f ly ash while Zn was non significant even upto 
30% fly ash level. But nitrogen and organic carbon, which 
were found in very low amount in fly ash, significantly 
reduced (P>0.01) at all levels of fly ash after harvesting the 
crop. The lowest amount of nitrogen was found at 75% and 
100% levels where it was almost nil (Table 9). 
£xperiment-5 
Physico-Chemical Analysis of Brick-Kiln Dust Amended 
Soil After Harvesting of B. juncea: 
Physical properties 
In post harvest brick-kiln dust amended soil, water 
holding capacity, particle density, pore space, saturation 
percentage and sticky point were significantly (P>0.01) higher 
except particle density which was non significant at 5% level 
of brick-kiln dust. A significant (P>0.01) decrease occurred in 
bulk density, moisture content and ignition percentage with 
increased level of brick-kiln dust in soil except at 5% level 
where these were non significant in comparison to control 
(Table 10). 
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Chemical properties 
Chemical properties in di f ferent levels of brick-kiln dust 
amended soils were influenced by growing of B. juncea crop. 
The pH and electrical conductivity significantly (P>0.01) 
remained higher as the doses of brick-kiln dust in soil 
increased. A significant (P>0.01) increase in cation exchange 
capacity was found at all levels except in 5 and 15% brick-kiln 
dust in comparison to control but highest CEC occurred at 45% 
level. The contents of sulphate and chloride and total 
carbonate, bicarbonate showed significant (P>0.01) increase as 
the level of brick-kiln dust increased. However, at 5% level, 
total carbonate and bicarbonate showed significant increase 
only at P>0.05. Phosphorus, potassium and heavy metals i.e. 
Zn, Mg, Mn and Pb showed variations in their uptake by the 
plant. Phosphorus at 5%, 15% and 30% brick-kiln dust level, 
showed significant decrease while at remaining levels it was 
increased with respect to dust level. Potassium was higher at 
all the levels. Nitrogen and organic carbon were found to be 
decreased (P>0.01) significantly as increasing the brick-kiln 
dust level in soil except nitrogen at 5% level and organic 
carbon at 5 and 15% brick-kiln dust in soil (Table 11). The 
uptake of heavy metals was more in B. juncea, so 
concentration of Pb was significantly (P>0.01) decreased 
upto60%, Mg upto 45%, Mn upto 15% and Zn upto 5% brick-
kiln dust level (Table 11). 
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Experiment-6 
Physico-Chemical Analysis of Brick-Kiln Dust Amended 
Soil After Harvesting of L. usitatissimumi 
Physical properties 
The water holding capacity, particle density, pore space, 
saturation percentage and sticky point were significantly 
(P>0.01) higher in all the concentrations of brick-kiln dust in 
soil af ter harvesting of L. usitatissimum except particle 
density which was non significant at 5% level. The increase 
was greatest at 100% brick-kiln dust level in comparison to 
control. Bulk density, moisture content and ignition 
percentage were decreased (P>0.01) s ignif icantly onward to 
30%, at 5 and 15% these were non significant in comparison to 
control (Table 12). 
Chemical properties 
In the soil after harvesting the crop the alkalinity was 
gradually increased upto 100% brick-kiln dust level as pH 
level was increased significantly (P>0.01). Electrical 
conductivity was also (P>0.01) significantly higher at all the 
levels of brick-kiln dust in soil except at 5% and 15% where it 
was statist ically similar to control. Cation exchange capacity 
was significantly (P>0.01) remained higher onward to 30% 
levels of brick-kiln dust while at 5% it was non significant , in 
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comparison to control. The highest increase occurred in this 
parameter at 45% level. In sulphate and chloride contents, 
total carbonate and biocarbonate concentrat ions remained 
s ignif icant ly (P>0.01) higher af ter harvesting at all the brick-
kiln dust levels in soil. These were highest at 100% level in 
comparison to control. There was also s ignif icant (P>0.01) 
increase occurred in phosphorus and potassium except 
phosphorus at 5% level. However, nitrogen and organic carbon 
were decreased (P>0.01) s ignif icant ly from 5 to 100% brick-
kiln dust levels. The lowest values were found at 75 and 100% 
brick-ki ln dust levels. Zn, Mg, Mn and Pb in all the levels of 
brick-kiln dust increased (P>0.01) s ignif icant ly except Mg 
and Mn which were stat is t ical ly non s ignif icant at 5% level 
(Table 13). 
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Section-II 
This sect ion includes the impact of f ly ash and br ick-ki ln 
dust on the growth, yield, photosynthe t ic pigment , prote in , oil 
p roper t ies of B. Juncea and L. usitatissimum. Uptake of heavy 
meta ls and NPK were also determined. 
Experiment-7 
Impact of Fly Ash on Plant Growth, Product iv i ty and 
Biochemical propert ies of B. juncea 
Fly ash a f fec ted the plant growth and product iv i ty of B. 
juncea. The resul t showed that cer tain doses of f ly ash were 
benef i c i a l for the growth and yield parameters as compared to 
control the rea f t e r , a ha rmfu l e f fec t was not iced. The length of 
shoot and root increased f rom 15 to 60% levels of f ly ash. The 
length, f r esh weight and dry weight of shoot and root , number 
of leaves and leaf area increased (P>0.01) s ign i f i can t ly f rom 
15 to 60% levels , in comparison to control and maximum being 
at 15% level , however , in number of branches , best growth 
occurred f rom 15 to 45% f ly ash level in soil. Highest 
r educ t ions were found at 75% and 100% f ly ash levels (Table 
14). 
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In general, the values of all yield parameters were 
highest at 15% fly ash level. The number of f lowers , number 
of si l iqua was s ignif icant ly (P>0.05) increased upto 60% level. 
Seeds per siliqua, number of seeds per plant, 100 seed weight, 
seed yield, phytomass and green area per plant were found 
best from 15 to 60% fly ash level. There was s ignif icant 
suppression (P>0.01) occurred at 75% and 100% fly ash levels 
(Table 15). 
The pigment contents (chlorophyll a, chlorophyll b, total 
chlorophyll and carotenoids) and protein were found to be 
highest at 15% and then gradually declined in all the 
subsequent levels. At 5% fly ash level photosynthet ic 
pigments were stat is t ical ly non signif icant . There were marked 
reduct ions at 75 and 100% fly ash levels (Table 16). 
The oil propert ies like oil content, oil yield, and acid 
value were increased s ignif icant ly (P>0.01) upto 45% fly ash 
level. In rest of the levels, these values declined sharply. 
Iodine value and saponif icat ion value showed increase 
(P>0.01) upto 60% fly ash level, onward to 60% signif icant 
(P>0.01) reductions occurred (Table 17). 
Accumulat ion of heavy metals i.e. Zn, Mn, Mg in seeds 
of B. juncea were found to be maximum at 15% level, 
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however, these were increased (P>0.01) s ignif icant ly upto 45% 
level in comparison to control. Onward to 45% level, these 
were decreased (P>0.01) s ignif icant ly , in general (Table 17). 
However, Pb was increased (P>0.01) in seeds s ignif icant ly at 
all the levels of f ly ash. Phosphorus increased (P>0.01) 
s ignif icant ly upto 60% and nitrogen upto 30%, onward these 
levels, the concentrat ions of P and N were decreased 
gradually. Uptake of nitrogen and phosphorus in the leaves of 
mustard showed highest at 15% level. Potassium was increased 
(P>0.01) s ignif icant ly at all the levels of fly ash (Table 18). 
E x p e r i m e n t - 8 
I m p a c t of Fly Ash on P lan t Growth , P r o d u c t i v i t y and 
Biochemica l P r o p e r t i e s of L. usitatissimum 
Linseed plants showed variable growth responses in soils 
containing di f ferent levels of f ly ash. In 15% fly ash level, 
plant growth was improved much better than other levels, 
however, a s ignif icant increase (P> 0.01) in length, fresh 
weight and dry weight of shoot and root was observed from 5 
to 60% levels. Number of branches, leaves and leaf area were 
increased (P>0.01) s ignif icant ly upto 45% fly ash level in soil 
in comparison to control. From 60% onward all the considered 
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growth parameters were s ignif icant ly (P>0.01) reduced (Table 
19). 
The yield parameters in terms of number of f lowers , 
capsules, seeds per capsule, seeds per plant, 100 seed weight, 
seed yield, phytomass and green area per plant of Linum 
usitatissimum were found to be maximum (P>0.01) at 15% fly 
ash level. However, some of these parameters like number of 
f lowers , capsules, seeds per capsule, seeds per plant, 
phytomass were s ignif icant ly increased (P> 0.05 or P> 0.01) 
from 5 to 60% fly ash levels in comparison to control. Seed 
yield, 100 seed weight and green area per plant were increased 
(P>0.01) s ignif icant ly up to 45% level but s tat is t ical ly similar 
(P= 0.05) at 60% level (Table 20). 
Data presented in table 21 showed that photosynthet ic 
pigments (chlorophyll a , chlorophyll b, total chlorophyll and 
carotenoids) and protein in seeds of L. usitatissimum were 
s ignif icant ly increased (P> 0.05) upto 45% fly ash level, as 
compared to control. After 45% a s ignif icant reduction was 
occurred in subsequent concentrat ions. However, 
photosynthet ic pigments and protein contents were recorded 
maximum at 15% level (Table 21). 
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Oil contents, oil yield and iodine value of l inseed crop 
were increased s ignif icant ly (P>0.01) in 15,30 & 45% fly ash 
levels. Highest increase occurred at 15% fly ash level. At 5% 
level these properties were s ignif icant ly increased at P>0.05. 
However, marked reductions occurred in these values at 60, 75 
& 100% fly ash levels. Acid value and saponif icat ion value 
were s ignif icant ly (P>0.01) increased from 15% to 60% fly ash 
level in comparison to control, maximum being at 15% level. 
Onward to 60% there were s ignif icant (P>0.01) suppressions 
in these values (Table 22). 
The accumulation of heavy metals (Zn, Mn, Mg and Pb) 
in the seeds of L. usitatissimum were increased (P>0.01) upto 
45% level of f ly ash. Highest increase was found at 15% while 
highest decrease was found at 100% level of f ly ash (Table 
24). Nitrogen in L. usitatissimum leaves showed a s ignif icant 
(P<0.01) increase at 15% level and it was s tat is t ical ly 
(P=0.05) similar at 30% fly ash level. In rest of the levels 
there were signif icant reductions in nitrogen level in the 
leaves. Phosphorus level increased (P>0.01) s ignif icant ly upto 
45% level while potassium showed a gradual s ignif icant 
increase (P>0.01) at all the levels of f ly ash in comparison to 
control (Table 23). Maximum increase in phosphorus was 
found at 15% level while potassium at 100% level. 
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Impact of Brick-Kiln Dust on Plant Growth, Productivi ty 
and Biochemical Propert ies of B. juncea 
Brick-ki ln dust also a f fec ted the plant growth parameters 
( length, f resh weight , dry weight of shoot and root, number of 
branches , number of leaves and leaf area) of B.juncea. All 
growth parameters were higher than the control upto 75% 
level , however , these were maximum at 45% level (Table 24). 
Yield parameters of B. juncea in terms of f lowers , 
s i l iqua, seeds per si l iqua, seeds per plant , 100 seed weight , 
seed yie ld , phytomass and green area per plant were 
s ign i f i can t ly (P>0.01) increased upto 75% concentra t ion of 
br ick-ki ln dust in general compared to control , maximum 
being at 45% level except phytomass which was non 
s ign i f ican t at 5% level compared to control (Table 25). 
The photosynthe t ic pigment contents (chlorophyl l a, 
ch lorophyl l b, total chlorophyl l and carotenoids) of B. juncea 
leaves were increased apparent ly upto 75% level of br ick-ki ln 
dust in general with respect to control . However , these 
parameters increased gradual ly upto 45% level then decl ined 
in subsequent levels . The highest increase was recorded at 
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45% level of brick-kiln dust (Table 26). Protein of B. juncea 
seeds was increased upto 45% brick-kiln dust level then 
sudden s ignif icant reduction was occurred in subsequent 
higher concentrat ions (Table 26). 
There was marked increase in oil propert ies (oil content, 
oil yield, iodine value, saponif icat ion value) from 5 to 75% 
brick-ki ln dust levels compared to control, maximum being at 
45% level. In general oil propert ies were increased gradually 
with respect to levels upto 45% and onward this level there 
was decline in the propert ies but these were s ignif icant ly 
higher either P>0.05 or P>0.01 in comparison to control 
(Table 27). 
Di f fe rent concentrat ions of brick-kiln dust amended soil 
a f fec ted the uptake of heavy metals by B. juncea. The heavy 
metals i.e. Zn, Mn and Mg in seed were s ignif icant ly (P>0.01) 
increased in almost all concentrat ions of brick-kiln dust in 
comparison to control (Table 28). The highest increases were 
found at 45% level then there was decline. While Pb 
s ignif icant ly (P>0.01) increased at all the levels of brick-kiln 
dust. Nitrogen in leaves was s ignif icant ly (P>0.01) increased 
upto 30%, onward it there was s ignif icant (P>0.01) decrease. 
Phosphorus increased s ignif icant ly (P>0.01) in all the levels 
but highest at 45% level. While potassium increased (P>0.05) 
s ignif icant ly from 60 to 100% level Table 28). 
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Impact of Brick-Kiln Dust on Plant Growth, Product ivi ty 
and Biochemical Propert ies of L. usitatissimum 
The br ick-ki ln dust also a f fec ted growth parameters 
( length, f resh weight and dry weight of shoot and root , number 
of branches , number of leaves and leaf area) of L. 
usitatissimum at all the levels . All the cons idered growth 
parameters were s ign i f ican t ly increased (P>0.01) f rom 30 to 
75% levels of br ick-ki ln dust in compar ison to control . The 
best growth was observed at 45% level of br ick-ki ln dust and 
at 100% the growth was very poor (Table 29). 
Yield of L. usitatissimum (number of f lowers , capsules , 
seeds per capsule, seeds per plant , 100 seed weight , seed 
yie ld , phytomass and green area per plant) increased gradual ly 
upto 45% and onward 45% there was gradual decrease in these 
parameters . All these parameters were s ign i f ican t ly bet ter (P> 
0.05 or P> 0.01) in general except at 100% (Table 30). 
Data given in table 31 showed that the photosynthe t ic 
p igment contents (chlorophyl l a, chlorophyl l b, total 
ch lorophyl l , carotenoids) of L. usitatissimum leaves were 
s ign i f ican t ly increased (P>0.01) upto 75% level of br ick-ki ln 
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dust in comparison to control. These observed maximum at 
45% level. Protein level increased s ignif icant ly upto 30% 
brick-ki ln dust level. Onward 30% there was s ignif icant 
(P>0.01) reductions in protein contents (Table 31). 
Oil propert ies in L. usitatissimum were also showed 
similar resul ts to that of growth and yield parameters . The 
increase (P> 0.01) was maximum at 45% level of brick-kiln 
dust (Table 32). 
Heavy metals i.e. Zn, Mn, Mg, accumulat ion in seeds of 
L. usitatissimum were s ignif icant ly (P>0.01) higher upto 60% 
except Zn (at 5% level) and maximum being at 45% brick-kiln 
dust level (Table-33). Pb s ignif icant ly (P>0.05 or P>0.01) 
increased f rom 45-100% and non s ignif icant from 5 to 30% 
levels in comparison to control and maximum being at 45% 
level. Highest increase in nitrogen was found at 30% level. 
Onward 30% it was decreased (P>0.01) s ignif icant ly as 
increasing the brick-kiln dust level in soil. Phosphorus 
accumulat ion in leaves of linseed plant was maximum at 45% 
level, however, increase was observed at all levels when 
compared to control. Potassium gradually increased as 
increasing the level of brick-kiln dust except 5% level where 
it was ins ignif icant in comparison to control (Table 33). 
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DISCUSSION 
Fly ash is a major part iculate air pollutant , released af ter 
combustion of coal at very high temperature, 1200-1400°C in 
thermal power plants, furnaces and other industries where coal is 
used as fuel . Incorporat ion of f ly ash in agricultural f ields for 
improvement of crop is a very recent idea. Some studies and data 
available indicate that it can serve as a fer t i l izer , as it enhances 
plant growth and productivi ty (Sikka and Kansal, 1995; Wong 
and Wong, 1989; Kalra et al., 1998). A number of crops are 
being examined for their responses to fly ash in relat ion to 
growth and productivi ty and tolerance of f ly ash levels in soil. 
Heavy metals present in f ly ash, their accumulation in soil and 
plant parts are also being examined (Sims et al., 1995; Wong and 
Su, 1997; Karpate and Chaudhary, 1997). Soil character is t ics and 
the changes brought about by the application of d i f ferent levels 
of f ly ash in soil have also attracted attention of invest igators . 
An e f for t in this direction was made in the present study. The 
data revealed that f ly ash addition decreased the moisture 
content of air dried soil and bulk density. The decreases were 
inversely proport ional to the levels, the decrease in moisture 
content of air dried soil was either might be due to lack of 
part icles in f ly ash that were endowed with adsorption capacity, 
or it lacked colloidal sized part icles of their mineralogical nature 
that very few electric charge was burned by them. When f ly ash 
was added to soil it tended to decrease bulk density with respect 
to increase the level. Similar trend in bulk density reduction in 
f ly ash amended soils was also observed by Van et al. (1988) and 
Brahmchari et al. (1999). Fly ash addition even at very low 
(7.5%) level decreased bulk density, increased porosi ty and the 
hydraul ic conductivi ty of soil (Shinde et al., 1995). Deposit ion 
of f ly ash on land, af fects the soil propert ies, because it is 
enriched with salts and trace elements thus reduces the bulk 
density of soil and ult imately increases water holding capacity 
(Hajarnevis and Bhide, 1999). Maximum water holding capacity 
of clayey soil is advantageous as it increases porosi ty of soil 
causing improvement in its drainage (Kene et al., 1991a). In the 
present study, the f ly ash addition in soil s ignif icant ly increased 
the water holding capacity, particle density and sticky point (%) 
while bulk density, moisture content and ignition percentage 
decreased gradually as f ly ash levels were increased, in soil. 
In the chemical propert ies, pH and electrical conductivity 
were increased gradually as increasing the level of f ly ash in soil 
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in present study. Tripathy and Sahu (1997) also observed 
increasement in pH level at 50% fly ash in soil. The pH was also 
found gradually increased as the levels of f ly ash were increased 
gradually (Brahmachari et al., 1999; Bharti et al., 1999; Page et 
al., 1979; Menon et al., 1990). The rise in pH depends primari ly 
on soil buffer ing capacity. The rise in EC might be due to the 
increasing inorganic consti tuents in the f ly ash. Earl ier reports 
also showed that f ly ash addition in soil s ignif icant ly increased 
the electr ical conductivity by increasing the quality of soluble 
major and micro nutrients alongwith the toxic heavy metals 
released by the ash to soil (Singh et al., 1994; Khan et al., 
1996). Eary et al. (1990) reviewed the geochemical factors 
control l ing the mobil izat ion of minor and major elements from 
fly ash in soil and suggested that the increasing inorganic 
consti tuents can raise the electrical conductivity of soil. Present 
study showed that cation exchange capacity increased upto a 
certain level i .e. 15%, onward to it a gradual decrease was found. 
However, decrease in CEC in subsequent levels might be due to 
podzolanic activity of the f ly ash or due to rise in pH (Corey et 
al., 1981). Improvement in soil CEC due to fly ash addition has 
also been observed by Deshmukh et al. (2000). 
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Contents of sulphate, chloride, total carbonate and 
bicarbonate were increased in all the levels of f ly ash in this 
study. Khan et al. (1997) also found same trend of increase in 
these contents. Actually these contents are responsible for 
increasing salinity. These contents are present in suff ic ient 
amount in f ly ash, as the level of f ly ash increased in soil, these 
contents were also increased consequently the amended soils 
were saline at very high levels (75 and 100%). 
The present study revealed that, nitrogen and organic 
carbon decreased and phosphorus, potassium increased by 
increasing the f ly ash concentrat ion in soil. From the l i teratures, 
it appears that nitrogen is absent in fly ash (Khan et al., 1997; 
Singh et al., 1997). As a result , increasing the level of f ly ash 
caused def ic iency of nitrogen in soils. Bradshaw and Chadwick 
(1980) also suggested that f ly ash contain little to no nitrogen 
because the nitrogen originally present in coal is volat i l ized 
during combustion. Hajarnavis and Bhide (1999) observed that 
during the combustion process carbon is oxidised into gaseous 
const i tuents (CO2) and thus fly ash generally has a low carbon 
content. The levels of phosphorus and potassium increased 
gradually in soils as levels of f ly ash increased. This might be 
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due to presence of these elements in f ly ash in high quanti ty. 
Similar t rends of increase of these elements in f ly ash amended 
soils were observed by Hammermeister et al. (1998) and Khan 
and Khan (1996). 
The heavy metals, which were analysed in this study, were 
Zn, Mn, Mg, and Pb. These metals were increased by increasing 
the f ly ash in soil. This might be due to the immobil isat ion of 
heavy metals as inf luenced by propert ies of alkaline soil like 
higher clay content, cation exchange capacity, higher organic 
matter , CaC03% and soil pH, which are the major factors 
controll ing plant availabil i ty of heavy metals (Chanely, 1973). 
Herman et al. (1999) found the metal contents (Cu, Cd, Zn, Fe, 
Ni, Cr and Pb) in higher amount in soil amended with f ly ash 
than in the control soil, however, the Cd, Zn, Pb concentrat ions 
were either below or within the crit ical levels. Fly ash generally 
contains suf f ic ien t concentrat ion of essential elements but it is 
def ic ient in Mn (Lalson and Adriano, 1990). In the present study 
also, the f ly ash has less amount of Mn as compared to other 
elements, however, it was in increasing order with respect to the 
levels. 
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After harvest ing of B. juncea and L. usitatissimum crops, 
the values of all the considered parameters of physico-chemical 
propert ies in all the concentrat ions of f ly ash in soil were found 
less in general than before sowing but in a similar t rends except 
pH which was increased in fly ash amended soil af ter harvesting 
the crops. These results also corroborate with Satter and 
Will iams (1967), Chang et al. (1989) and Sharma et al. (1990). 
The salinity of f ly ash amended soil was reduced. This might be 
due to absorption of salts by the plants. That's why electrical 
conductivi ty was also reduced at all the f ly ash levels after 
harvest ing than before sowing. The reductions in the values of 
all the considered parameters might be due to uptake of micro-
and macro-elements by the plants. Because for the growth, 
development and fur ther d i f ferent ia t ion of d i f ferent organs, 
plants required healthy nutri t ion and these elements might have 
provided suff ic ient as well as healthy nutri t ion status to growing 
plants . However, Sikka and Kansal (1995) reported that the 
available nutrient status of soils af ter harvest of the rice and 
wheat crops was not affected by the application of f ly ash. This 
study showed that nutrient status of soils also depends on the 
type of crop involved in the study. The present study showed that 
af ter harvest, the heavy metals concentrat ions in soil decreased 
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in all the levels than before sowing. This might be due to uptake 
of heavy metals (Zn, Mg, Mn & Pb) by plants. The remaining 
amount of nitrogen and organic carbon, phosphorus and 
potassium showed decreased values in comparison to the values 
of these before sowing in a similar trend in general , but at lower 
levels the values of heavy metals, NPK and organic carbon 
showed more reduction, this might be due to more absorpt ion of 
these elements by plants at lower levels of f ly ash in soil. 
Brick-kiln dust is a second major part iculate air pollutant 
af ter f ly ash in India, emitted from the brick-kilns af ter complete 
combustion of fuel (coal + wood) at higher temperature (approx. 
1500°C). The mixture of ash of fuel and dust of bricks after 
combustion is known as brick-kiln dust. From the l i terature it 
appears that a very little work has been done on the smoke 
released by chimneys of brick-kilns during the combustion of 
bricks, in relat ion to agricultural crops (Jain et al., 2001; Sum 
and Su, 1985). However, no work could be init iated in the past 
on the incorporat ion of brick-kiln dust in agricultural f ie lds for 
improvement of crop. In the present study for the f i rs t time 
brick-kiln dust was incorporated in d i f ferent amounts with soils 
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and their physico-chemical structure were studied in 
concentrat ions of 0, 5, 15, 30, 45, 60, 75 and 100%. 
The study showed that the physical propert ies such as water 
holding capacity, part icle density, pore space (%), saturat ion 
percentage and sticky point were increased gradually as the level 
of brick-kiln dust increased in the soil while bulk density, 
moisture content and ignition percentage decreased with the 
increasing levels (Table 4). These propert ies of soil were 
changed by the addition of brick-kiln dust, this might be due to 
increase in the porosity because dust contains mostly sand 
part icles which are used during the preparation of raw bricks and 
are removed af ter drying and combustion. 
The chemical propert ies , pH and electrical conductivi ty 
increased as increasing brick-kiln dust level in soil. This might 
be due to increase in alkalinity brought about by the addition of 
brick-kiln dust. The contents of sulphate, chloride and total 
carbonate and bicarbonate increased gradually, this might be due 
to gradual increase in EC levels. The decrease in amount of 
ni trogen and organic carbon by addition of brick-kiln dust was 
due to volat i l izat ion of these contents during combustion of coal. 
Similar results were observed by Hajarnevis and Bhide (1999) 
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and Bradshaw and Chadwick (1980). Phosphorus, potassium and 
heavy metals i.e. Pb, Mg, Mn and Zn were gradually increased 
because brick-kiln dust possesses more quantity of these 
elements (Table 5). 
Af ter harvesting of B.juncea and L.usitatissimum crops, the 
physical propert ies i.e. water holding capacity, bulk density, 
part icle density, pore space (%), saturation percentage of brick-
kiln dust amended soil showed the similar trends in reduct ions in 
the values of these propert ies as in case of f ly ash amended soils. 
These values became less in respective parameters as compared 
to before sowing. This may be due to absorption of micro- and 
macro-nutr ient elements and heavy metals. The reduction in 
physical propert ies was more in soils grown with B. juncea crops 
than L. usitatissimum grown soil. The di f ference was perhaps due 
to variable genetic makeup of crops. However, the brick-kiln 
dust possessed more values in physical propert ies than the fly 
ash in general , might be due to modif icat ion in texture of the 
soils. 
The chemical propert ies (pH, electrical conductivi ty, cation 
exchange capacity, contents of sulphate and chloride and total 
carbonate, bicarbonate) in the brick-kiln dust amended soil after 
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harvest ing the crops were decreased in similar fashion like in 
soil samples before sowing in all levels. All propert ies were less 
in the amended soil after harvesting than in the soil samples 
before sowing except pH which was increased after harvesting, 
might be due to increase in the hydrogen ion concentrat ion, 
consequent ly increasing the salinity. However, af ter cropping, all 
the considered chemical propert ies were decreased except pH. 
These results also corroborate with Salter and Will iams (1967); 
Chang et al., (1989); Sharma et aL, (1990). When these 
parameters were compared cropwise, these parameters were 
higher in the amended soil samples grown with L. usitatissimum 
than the B. juncea in general. 
Af ter harvest ing the crops, the N,P,K, organic carbon and 
heavy metals (Pb, Mg, Mn, Zn) were also decreased as compared 
to before sowing. This may be due to absorption of these 
contents by the roots of plants. The absorption was higher in 
B.juncea than L.usitatissimum crop, may be due to its d i f ferent 
genetic makeup. 
Earl ier a large number of crops like tomato, okra, eggplant, 
cucumber, pea, soybean, corn, lentil , chickpea, wheat, rice, 
bott le gourd, sunflower, groundnut, potato, etc. have been 
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examined to their responses in relat ion to growth, productivi ty 
and tolerance to di f ferent levels of fly ash in soil (Khan and 
Khan, 1996; Kulshreshtha, 1995; Singh, 1993; Mishra and 
Shukla, 1986; Singh and Singh, 1986a; Singh, 1989; Khan, 1989; 
Raghav and Khan, 2002). However, the responses of various 
crops were d i f ferent to d i f ferent levels of f ly ash. From the 
l i terature it appeared that in general 50% or below 50% levels of 
f ly ash were benef ic ia l for the growth and productivi ty of plants. 
More than 50% levels were found harmful to all the crops 
examined so far at any stage. These results showed that the 
available nutr ients present in f ly ash are maximum only at 
certain level for a part icular plant species. Keeping in view for 
the exploi tat ion of growth potential present in f ly ash the two 
important oil seed crops B.juncea and L. usitatissimum were 
examined against eight concentrat ions i.e. 0, 5, 15, 30, 45, 60, 
75 and 100% of f ly ash (Tables 14-23). At the same time these 
two crops were also evaluated against brick-kiln dust, the second 
most common part iculate air pollutant and frequent ly available in 
India, taking all previous concentrat ions (Tables 24-33). 
In the present study, the length, f resh and dry weights of 
shoot and root; number of f lower, siliqua branch, leaves; 
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seeds/s i l iqua seed per plant; 100 seed weight; seed yield; 
phytomass; green area and leaf area were increased apparently 
upto 60% fly ash levels in general, however, all these parameters 
of both crops showed maximum increase at 15% fly ash level 
(Table 14, 15, 19, 20). The growth and productivity parameters 
of B. juncea were slightly better as compared to L. usitatissimum 
in all fly ash levels. Pandey et al. (1994) also observed that leaf 
number, leaf area, f lower weight and plant height of sunflower 
crop were increased in 60 days old plants when f ly ash was 
amended by 0.5Kg f ly ash/m^. Moderate rates of f ly ash 
applicat ion (2-4% w/w) had a benefic ia l e f fec t on the dry matter 
yield of Paddy, but a higher level (8% w/w) had a s ignif icant 
depressing ef fec t (Sikka and Kansal, 1995). Srivastava et al. 
(1995) also observed that lower level of f ly ash (10%) gave the 
greatest root and shoot length, number of leaves, leaf area, root 
weight, root: shoot ratio and leaf carotenoid and chlorophyll a 
and b contents of Lactuca sativa crop. Application of fly ash 
upto 10% in soil had s ignif icant ly improvement in the growth 
and yield performance of sunflower crop over control but at 15% 
level there was downward ef fec t (Kene et al., 1991a). Singh and 
Singh (1986) found the good results in rice plants at 10 and 20% 
fly ash level, but 30% led to decrease in yield. Highest dry 
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matter yie ld of soyabean was obtained in the t reatment receiving 
10% (w/w) fly ash (Lai et al, 1996). The better growth and yield 
of chickpea was obtained at 40% by Siddiqui et al. (2000). Fly 
ash amended soil with 20% improved the dry matter and yield of 
collard greens and mustard greens crops (Menon et al., 1990). 
In the present study also, the lower level (15%) of fly ash 
had given better results in all the considered parameters of both 
crops. This might be due to changes that occurred in structure of 
f ly ash amended soil and presence of suff ic ient nutr ients at this 
level which was most suitable for the growth of both plants 
perhaps, due to their specif ic genetic make-up. In corn and soya 
bean, Mishra and Shukla (1986) observed that the increased 
growth response was attr ibuted by the improvement in chemical 
propert ies of soil due to addit ion of f ly ash. 
In the present study, the photosynthet ic pigments 
chlorophyll a, b, total chlorophyll contents increased gradually 
upto 60% and carotenoid upto 45% fly ash level in B. juncea 
crop and upto 45% in L. usitatissimum s tat is t ical ly. However, 
photosynthet ic pigments were maximum at 15% levels of f ly ash 
but these pigments were slightly higher in B. juncea as compared 
to L. usitatissimum. The photosynthet ic pigment rates were also 
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found high at lower levels of fly ash in chick pea, soybean, pea, 
tomato, cucumber, lentil etc. (Khan and Khan, 1997; Singh, 
1989; Singh, 1993; Pasha, 1990; Khulshreshtha, 1995). The 
higher levels above 45% were found harmful to photosynthet ic 
contents. Similarly, higher levels also adversely af fec ted the 
chlorophyl l contents in present study. At 15% level the plant 
produced heal thy and more leaves which were darker than leaves 
of other levels. The photosynthet ic activity of plants might have 
enhanced at this level result ing better growth and product ivi ty , 
due to high chlorophyll . Kleinkopf et al. (1976) also advocated 
that any change in ef f ic iency of photosynthet ic machinery 
ul t imately af fec ts the amount of photosynthates which steers the 
growth of the plant. Higher concentrat ions of substrate salt and 
trace elements in f ly ash generally reduce photosynthesis . 
Total protein (soluble and insoluble) in seeds of both the 
crops increased only upto 15% fly ash level in the present study. 
However, the amount of protein was higher in B. juncea. Beyond 
15% level, there was gradual reduction in proteins. Low protein 
contents and reduced nitrate reductase activity were also 
recorded by Gupta et al. (2000). Hemalatha et al. (1997) 
suggested that the reduced soluble proteins in agriculture crops 
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were due to heavy metals. The amount of total protein is based 
on the avai labi l i ty of ni trogen in plants. The amount of total 
ni trogen was negligible in f ly ash amended soil (Tables 5, 7). 
Beyond 30% the level of N was almost nil (Tables 18, 23). 
Therefore amount of total nitrogen and total protein showed the 
same type of trend. 
From the present study, it appears that NPK levels in leaves 
were found to be maximum at 15% fly ash level which might 
have contr ibuted in better growth of plants. Singh and Singh 
(1986b) also observed that NPK levels were higher in grain and 
straw of wheat plants when grown with low level of (20%) fly 
ash. Appl icat ion of 30% fly ash decreased the contents and 
uptake of NPK. Increasing levels of f ly ash caused the def ic iency 
of ni trogen in soil, which led to reduction in growth, and 
product ivi ty of tomato plants (Khan et al., 1997). However, 
appl icat ion of f ly ash lOt ha'* recorded the highest content and 
uptake of NPK over 5 and 15t ha"' f ly ash (Bhaisare et al., 2000). 
These studies show that uptake of elements depend upon the type 
of plant species involved. Phosphorus decreased greatly in leaves 
of both crops in the present study, which might have caused 
def ic iency of nitrogen and phosphorus in soil and this would 
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have contr ibuted towards the poor growth and yield of plants at 
higher levels . 
High oil propert ies in the seeds of both crops in this study 
were upto 60% maximum being at 15% level (Tables 17, 22). 
This might be due to availabil i ty of sulphur and nitrogen present 
in f ly ash maximum at 15% level. Patil et al. (1996) suggested 
that improvement in oil content of oilseed crop was due to 
presence of calcium and sulphur in f ly ash. 
Among heavy metals in seeds the level of Pb was 
cont inuously increased that might be one of the causes of 
decreasing the all parameters above 15% level. However, other 
heavy metals Mg, Mn, Zn were maximum at 15% level. These 
elements were also uti l ized by the plants as nutr ients in low 
amount. That 's why these heavy metals were also decreased in 
subsequent levels in soil af ter harvest ing the crops but increased 
in plants (Tables 18, 23) and played as role of toxicants and later 
became one of the cause of reductions in parameters at higher 
levels in both the crops. 
In this study, an e f for t for the f i rs t time was made to 
examine the growth promoting potentials of d i f ferent level of 
brick-kiln dust in soil on B. juncea and L. usitatissimum. The 
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length, f resh and dry weights of shoot and root; number of 
f lowers , branch, leaves; seeds/ si l iqua seeds/plant ; 100 seed 
weight; seed yield; phytomass; green area and leaf area were 
increased upto 75% brick-kiln dust levels but maximum being at 
45% level for both crops (Tables 24, 25, 29, 30). While these 
parameters were found to be best at 15% concentrat ion of f ly ash 
amended soil for both crops. This may be due to proper nutr i t ion 
that was available to the plants at 15% level in f ly ash and 45% 
in brick-ki ln dust level (Tables 14, 15, 19, 20). The 
photosynthet ic pigments and oil propert ies also showed maximum 
values at 45% level in both the crops but total protein was found 
better at 30% level in both the crops (Table 26, 27, 31, 32). This , 
might be due to availabil i ty of nitrogen in proper amount was 
upto this level. The elements P, K, Zn, Mg, Mn & Pb gradually 
increased at all the levels in brick-kiln dust amended soil before 
sowing but these elements decreased at 45% level in brick-kiln 
dust amended soil af ter harvest ing of both crops perhaps, the 
level was most suitable might be due to proper avai labi l i ty of 
these elements and others which were not analysed here. 
Although the growth of the plant increased in subsequent level 
too as compared to control but less than 45% level, might be due 
to more absorption of heavy metals which slowly retarded the 
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growth in subsequent levels. The 100% level was harmful for all 
the parameters . 
From the discussion it appeared that the 15% fly ash and 
45% brick-ki ln dust levels were better for both the crops. While 
subsequent levels were harmful as all parameters were decreased 
slowly. While higher concentrat ion 75 and 100% of f ly ash and 
100% of brick-ki ln dust were completely harmful for both crops. 
Above observat ions showed that f ly ash is better than brick-kiln 
dust. Because lower dose (15%) of f ly ash, giving the best 
resul ts as compared to 45% level of brick-kiln dust. When both 
crops were compared it was found that the performance of 
B.juncea was slightly better than L. usitatissimum. Since these 
two waste products are the part iculate air pol lutants but recently 
besides the other uses f ly ash is used as a non-conventional 
fer t i l izer . In the present study, brick-kiln dust was tested to 
observe the growth potential if present. However, both the waste 
products were found good for both oilseed crops but at d i f ferent 
levels therefore , these two wastes can be recommended for 
improving any agricultural crop but before recommendat ion the 
crops should be tested against their doses. This way disposal 
problem of these pollutants will also be solved and thus the 
environment will be free f rom these part iculate pol lutants . 
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SUMMARY 
The physico-chemical characterist ics of soil amended 
with different levels of fly ash and brick-kiln dust were 
analysed before and after growing B. juncea and L 
.usitatissimum, separately. Eight proportions (0,5,15,30,45, 
60,75 & 100%) of both the pollutants were considered to study 
their impact on growth, productivity and biochemical aspacts of 
both the oilseed crops. 
The physical characterist ics like water holding capacity, 
particle density, pore space, saturation percentage and sticky 
point of soil when amended with f ly ash increased signif icantly 
at all the levels before sowing the crops. There was a gradual 
s ignif icant decrease in bulk density, moisture content and 
ignition percentage with an increase in f ly ash level, in 
comparison to control; at 100% level of f ly ash their values 
were lowest. Analysis of chemical properties of f ly ash 
amended soil before sowing showed gradual increase in pH, EC, 
contents of sulphate and chloride, total carbonate and 
bicarbonate as the concentration of fly ash increased in soil. 
Cation exchange capacity, increased only upto 15% level, after 
than it declined, and thus highest value of CEC was at 15% 
level. Nitrogen and organic carbon were present in very low 
amount at 100% level of f ly ash. Significant reductions had 
occurred in amended soil as the level of f ly ash increased. 
Potassium and phosphorus contents were increased signif icant ly 
at all the levels, in comparison to control. The amount of heavy 
metals viz. Zn, Mg, Mn and Pb, in the soil s ignif icant ly 
increased at all the doses of f ly ash. Similar increasing or 
decreasing trends in the values of physico-chemical properties 
were also observed in brick-kiln dust amended soil as was 
observed in f ly ash except in cation exchange capacity. The 
values of CEC were maximum at 45% brick-kiln dust level 
while in f ly ash amended soil it was highest at 15% level. 
After harvesting B.juncea and L.usitatissimum, from fly 
ash and brick-kiln dust amended soils, the trend of increasing 
and decreasing values of physico-chemical propert ies were 
same as before sowing but in heavy metals, the trend varied. 
However, the values of these properties were lower in soil after 
harvesting than before sowing the both oilseed crops, due to 
uptaken by plants for their nutri t ional requirement. However, 
the amount (A) of a particular element was taken up by plant 
and the remaining amount (B) present in soil after harvesting 
the crops were almost equal to that of the amount (C) of the 
same element present in amended soil before sowing (A+B=C). 
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On observing, the impact of different levels of f ly ash and 
brick-kiln dust on growth, yield, photosynthetic pigments, total 
protein and oil properties and uptake of NPK, heavy metals, the 
results showed that certain doses of fly ash and brick-kiln dust 
were beneficial for the above mentioned parameters, as 
compared to control. Thereafter , a harmful effect was noticed. 
The growth and productivity of B. juncea and L. usitatissimum 
grown in f ly ash amended soil were increased from 5 to 60% 
levels. Onward to 60% there was a decrease in all the 
parameters. Fly ash level of 15% appeared to be best suited for 
both crops. Amendment of soil with different concentrations of 
brick-kiln dust also increased plant growth of both the crops. 
However, all the considered parameters were maximum at 45% 
level. The subsequent higher levels of dust were harmful to the 
plant and therefore the values of the parameters considered 
decreased gradually. Higher concentrations, 75 and 100% of fly 
ash and 100% of brick-kiln dust were totally harmful for both 
the crops. When both particulates were compared, it was found 
that f ly ash was better than brick-kiln dust as only 15% level of 
f ly ash had given good results against 45% level of brick-kiln 
dust. 
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